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PREFACE. 



This work is intended for all who desire to attain an accu- 
rate knowledge of Physical Science, without the profound 
methods of Mathematical investigation. Hence the expla- 
nations are studiously popular, and everywhere accompanied 
by diversified elucidations and examples, derived from 
common objects, wherein the principles are applied to the 
purposes of practical life. 

It has been the Author's especial aim to supply a manual 
of such physical knowledge as is required by the Medical 
and Law Students, the Engineer, the Artisan, the superior 
classes in Schools, and those who, before commencing a 
course of Mathematical Studies, may wish to take the 
widest and most commanding survey of the field of inquiry 
upon which they are about to enter. 

Great pains have been taken to render the work complete 
in all respects, and co-extensive with the actual state of the 
Sciences, according to the latest discoveries. 

Although the principles are here, in the main, developed 
and demonstrated in ordinary and popular language, mathe- 
matical symbols are occasionally used to express results 
more clearly and concisely. These, however, are never 
employed without previous explanation. 
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viu PREFACE. 

The present edition has been augmented by the introduc- 
tion of a vast number of illustrations of the application 
of the various branches of Physics to the Industrial Arts, 
and to the practical business of life. Many hundred en- 
gravings have also been added to those, already numerous, 
of the former edition. 

For the convenience of the reader the series has been 
divided into Four Treatises, which may be obtained sepa- 
rately. 

Mechanics .... One Volume. 

Htdbostatics, Pneumatics, and Heat . One Volume. 

Optics ..... One Volume. 

Electbicitt, Magnetism, and Acoustics . One Volume. 

The Four Volumes taken together form a complete 
course of Natural Philosophy, sufficient not only for the 
highest degree of School education, but for that numerous 
class of University Students who, without aspiring to the 
attainment of Academic honours, desire to acquire that 
general knowledge of these Sciences which is necessary 
to entitle them to graduate, and, in the present state of 
society, is expected in all well educated persons. 
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BOOK THE FIRST. 

ELECTRICITY. 



CHAPTER I. 

ELECTRICAL ATTRACTIONS AKD REPULSIONS. 

I* Beetrical effeots. — If a glass tube, being well dried, be 
l)riakly rubbed with a dry woollen cloth, the following effects may 
^ produced : — 

^e tube, being presented to certain light substances, such as 
feathers, metallic leaf, bits of light paper, filings of cork, or pith 
of elder, will attract them. 

^ the friction take place in the dark, a bluish light will be seen 
^0 follow the motions of the cloth. 

If the glass be presented to a metallic body, or to the knuckle 
of the finger, a luminous spark accompanied by a sharp cracking 
^ound, will pass between the glass and the finger. 

On bringing the glass near the skin, a sensation will be produced 
"^e that which is. felt when we touch a cobweb. 

The same effects will be produced by the cloth, with which the 
8"^ is rubbed, as by the glass itself. 

1q an extensive class of bodies, when submitted to the same 
^d of mutual friction, similar effects are produced. 



2 ELECTEICnr. 

The phjeical agencj from which tbeae and like phen 
has been c&lled eUetricity, from the Greek word ^tmpiir (eli 
tron), ngn^ 
amber, that ni 
ttoBce haTiug be 
the first in irhi 
the property n 
observed by t 




To study the U 
which govern el< 
trical forces, let 
apparatus be pi 
vided, called 
electric pendulu 
conusUngofasn- 
^>allA,j%.i^ab- 
the tenthof ania 
in diameter, tur^ 
from the pith of elder, and suspended, as repiesented in 
figure, by a fine silken thread attached to a convenient stand. 

If the glass tube n, after being rubbed as above describecl, 
brought into contact successively with two pith balls thus a\ 
peuded, and then separated from tbem, a property will be imparl 
to the balls, in virtue of which they will be repelled by the gia 
tube when it is brought nearer them, and they will in like roanni 
repel each other when brought into proximity. 



■i A, 



Fl».i. Flg.j, 

Thus, if the glass tube 8, ^. 2., be brought nearer the ball i 

the ball will depart from its vertical position, and will incline Its* 

from the tube in the position b. 

If the two balls, being previoasly brought into contact with t' 

tube, be placed near each other, aa in^. 3., they will incline frc 
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each other, departing from the vertical positions b and b', and 
taking the positions b and I/, 

2. Tlie etoetrie fluid. — These effects are explained by the 
supposition that a subtle and imponderable fluid, which is self- 
repubive, has been developed upon the glass tube ; that by touch- 
ing the balls, a portion of this fluid has been imparted to them, 
which is diffused over their surface, and which, for reasons that 
will hereafter appear, cannot escape by the thread of suspension ; 
that the fluid remaining on the glass tube repels this fluid diffused 
on the balls, and therefore repels the balls themselves which are 
invested by the fluid ; and, in fine, that the fluid diffused on the 
one ball repels and is repelled by the fluid diffused on the other 
ball, and that the balls being covered by the fluid are reciprocally 
repelled. 

A vast body of phenomena, the most important of which will 
be described in the following chapters, have converted this suppo- 
sition into a certainty, accepted by all scientific authorities. 

The fluid producing these effects is called the electric fluids 

3. VoaitlTe and neyatlTe eleotrlolty. — If the hand which 
holds the cloth be covered with a dry silk glove, the cloth, after 
the friction with the glass, will exhibit the same effects as above 
described. If it be brought into contact with the balls and then 
separated from them, it will repel them, and the balls themselves 
will repel each other. It appears, therefore, that by the friction 
the electric fluid is at the same time developed on the glass and on 
the cloth. K after friction the glass be brought into contact with 
one ball b. Jig, 3., and the cloth with the other b^, other effects 
will be observed. The glass, when presented to the ball b', will 
attract it, and the cloth presented to the ball b will attract it. 

The balls, when brought near each other, will now exhibit mu- 
tual attraction instead of repulsion. It follows, therefore, that the 
electric fluid developed by friction on the cloth differs from that 
developed on the glass, inasmuch as instead of being characterised 
by reciprocal repulsion they are mutually attractive. The suppo- 
sition, therefore, which has been briefly stated above will require 
modification. 

4. B jpoUiesIa of a single fluid. — According to some, the 
effect of the friction is to deprive the cloth of a portion of its na- 
tural charge of electricity, and to surcharge the glass with what 
the cloth loses ; and accordingly the glass is said to be positively^ 
and the cloth negatively electrified. 

On this supposition, bodies in their natural state have always a 
certain charge or dose of the electric fluid, the repulsive effect of 
which is neutralised by the attraction exercised by the body upon 
it. The electric equilibrium which constitutes this natural state 
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may be deranged, either by overcharging the body with the elec- 
tric fluid, or by withdrawing from it a part of what it naturally 
possesses. In the former case, the repulsion of the surplus charge, 
not being neutralised by the attraction of the body, takes effect. 
In the latter case, the attraction of the body, being more than 
equal to the repulsion of the charge of electricity upon it, will 
take effect upon any electricity which may come within the sphere 
of its action. 

This, which is called the gingle fivid theory^ was the hypothesis 
adopted by FrarMiii, bxiA after him by most English electricians 
until recently, when phenomena were developed in experimental 
researches, of which it fuled to aflbrd a satisfactory explanation ; 
and, accordingly, the hypothesis of two fluids, which was gene- 
rally received on the Continent, has found more favour also in 
England. 

5. Bypotbesla of two flnida. — According to this theory, 
bodies in their natural or unelectrified state are charged with a 
compound electric fluid consisting of two constituents, called by 
some the vitreous and resinous, and by others the positive and ne- 
gative, fluids. These fluids are each self-repulsive, but are mu- 
tually attractive. When they pervade a body in equal quantity^ 
their mutual attractions, neutralising each other, keep them im. 
repose, like equal weights suspended from the arms of a balance • 
When either is in excess, the body is positively or negatively 
electrified, as the case may be, the attraction or repulsion of th^ 
surplus of the redundant fluid being efiective. 

6. Sesnlta of soientUio reaearcli independent of tlie»^ 
lijrpotliesee. — Since the language in which the phenomena of 
electricity are described and explained, must necessarily have reLsL" 
tion to these hypotheses, it has been necessary, in the first instance, 
thus briefly to state them. It must, however, be- remembered, tfaiat 
the question of the validity of these theories does not affect the 
conclusions, which will be deduced from observation, the proper 
use of hypotheses being limited to their convenience in supplying 

a nomenclature to the science, and in grouping and classifying the 
phenomena. 

7. The hjrpothesis of two fluids supplying, on the whole, the 
most complete and satisfactory explanation of the phenomena, 10 
that which we shall here generally adopt; but we shall retain 
the terms positive and negative electricity, which, though they 
are derived originally from the theory of a single fluid, are gene- 
ralljr adopted by scientific writers who adhere to the other hypo^ 
thesis. 

8. Bxplanation of the eflfeote produced by pitb balls. W^ 

are thon to consider that when the glass tube and woollen cloth ar^ 
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submitted to mutual friction, their natural electricities are decom- 
posed, the positive fluid passing to the glass, and the negative to 
the dotL The glass thus becomes surcharged with positive, and 
the cloth with negative, electricity. 

The pith ball b (^. 3.), touched by the glass, receives the posi- 
tive fluid from it, and the pith ball b', touched by the cloth, receives 
the n^ative fluid from it. The ball b therefore becomes positively, 
and the ball b' negatively, electrified by contact. 

Since the contrary electricities are mutually attractive, the balls 
B and b' in this case attract each other; and, since like electricities 
are mutually repulsive, the glass rod repels the ball b, and the 
cloth repels the ball b'. 

9. Seetrieity is developed by Tarioiis bodies, wben enb- 
mltted to ftiction. — If a stick of resin or sealing wax be rubbed 
by a woollen cloth, like effects will follow : but, in this case, the 
electricity of the wax or resin will be contrary to that of the 
glass, as may be rendered manifest by the pith balls. If b be 
electrified by contact with the glass, and b^ by contact with the 
resin or wax, they will attract each other, exactly as they did 
when b' was electrified by contact with the cloth rubbed upon the 
glass. It appears, therefore, that while glass is positively, resin is 
iiegatively, electrified by the friction of woollen doth. 

It was owing to this circumstance that positive electricity came 
to be called vitreous, and negative electricity resinous. 

This nomenclature, is, however, faulty ; inasmuch as there are 
(Certain substances by the friction of which glass will be negatively 
<^trified, and others by which resin will be positively electrified. 

When a woollen cloth is rubbed on resin or wax which, as has 
been stated, it electrifies negatively, it is itself electrified posi- 
tively ; since the natural fluid being decomposed by the friction, 
^ the negative element going to the resin, the positive element 
o^nst be developed on the cloth. Thus it appears that the woollen 
^^ may be electrified by friction, either positively or negatively, 
, according as it is rubbed upon resin or upon glass. 

Thare is no certain test to determine, previous to experiment, 
^bich of the bodies submitted to friction receives positive, and 
*hich negative, electricity. In general, when any two bodies are 
^bbed together, electricity is developed, one of them being 
barged with the positive, and the other with the negative, fluid. 
-^ gf eat number of experimental researches have from time to time 
be^ undertaken, with a view to the discovery of the physical law, 
which determines the distribution of the constituent electric fluids 
^ such cases between the two bodies, so that it might in all cases 
"6 certainly known which of the two would be positively and 
^hich negatively electrified. These inquiries, however, have 
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hitherto been attended with no clear or certain general conse- 
quences. 

It has been observed, that hardness of structure b generally 
attended with a predisposition to receive positive electricity. 
Thus, the diamond, submitted to friction with other stones or with 
glass, becomes positively electrified. Sulphur, when rubbed with 
amber, becomes negatively electrified, the amber being conse- 
quently positive ; but if the amber be rubbed upon glass or dia- 
mond, it will be negative. 

It is also observed that when heat is developed by the friction 
of two bodies, that which takes most heat b negatively, and the 
other positively, electrified. 

In short, the decomposition of the electricity and its distribution 
between the rubbing bodies is governed by conditions infinitely 
various and complicated. 

An elevation of temperature will frequently predispose a body 
to take negative, which would otherwise take positive electricity. 
An increase of polish of the surface produces a predisposition for 
the positive fluid. The colour, the molecular arrangement, the 
direction of the fibres in a textile substance, the direction in which 
the friction takes place, the greater or less pressure used in pro- 
ducing it, all affect more or less, in particular cases, the interchange 
of the fluids and the relative electricities of the bodies. Thus, a 
black silk ribbon rubbed on one of white silk takes negative elec- 
tricity. If two pieces of the same ribbon be rubbed transversely, 
one being stationary and the other moved upon it, the former takes 
positive, the latter negative, electricity. iBpinus found that cop- 
per and sulphur rubbed together, and two similar plates of 
glass, evolved electricity, but that the interchange of the fluids 
was not always the same. There are substances, distkene, for 
example, which, when submitted to friction, develop positive elec- 
tricity at some parts, and negative at other parts of their surface, 
although their structure and the state of the surface be perfectly 
uniform. 

lO. ClaMilleAtloB of positlTe and nerattve anlMitanoes. — 
Of all known substances, a cat*s fur is the most susceptible of 
positive, and probably sulphur of negative, electricity. Between 
these extreme substances others might be so arranged that any 
substance in the Ibt being rubbed upon any other, that which 
holds the higher place will be positively, and that which holcb the 
lower place negatively, electrified. Various lists of this kind have 
been proposed, one of which is as follows : — 



I. Fur of a cat. 
1. Polifhed glMt. 
I, W(H>llen cloth. 

4. Featheri. 

5. Wood. 



6. Paper. 

7. Silk. 

8. Gum-lac. 

9. Rough glau. 
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Pfaff gives the following : — 



1. Fur of a cat. 

2. Diiimond. 

3. Fur of a dog. 

4. Tourmaline. 

5. Glass. 

6. Wool. 

7. Paper. 



7. raper. 

Bitter proposes the following : — 

I. Diamond. 



.. Diamond. 
1. Zinc. 

3. Glas«. 

4. Copper. 

5. Wool. 



8. Wl.lte lilk. 

9. Black tilk. 

10. Sealing-wax. 

11. Colophon, 
iz. Aml>Rr. 
13. Sulphur. 



6. Silver. 

7. Black tilk. 

8. Grey tilk. 

9. Grey manganeteoui earth. 
10. Sulphur. 



11. Metbod of prodncinr eleotrtoitsr by gimmm and silk wltb 

malyam, — Experience has proved that the most efficient means 

of developing electricity in great quantity and intensity is by the 

friction of glass upon a surface of silk or leather smeared with an 

Amalgam composed of tin, zinc, and mercury, mixed with some 

unctuous matter. Two parts of tin, three of zinc, and four of 

mercury, answer very well. Let some fine chalk be sprinkled on 

^e suiface of a wooden cup, into which the mercury should be 

poured hot. Let the zinc and tin melted together be. then poured 

^'^i and the box being closed and well shaken, the amalgam may 

^ allowed to cool. It is then finely pulverised in a mortar, and, 

^ing mixed with unctuous matter, may be applied to the rubber. 



CHAP. n. 

CONDUCTION. 

» 

'2. coBdnetors and BOBeondnotoni. — Bodies differ from 
^^h other in a striking manner in the freedom with which the 
^l^ctric fluid moves upon them. If that fluid be imparted to the 
^Urface of glass or wax, it will be confined strictly to that portion 
^f the surface which originally receives it ; but if it be imparted 
^ a portion of the surfy^e of a metallic body, it will instanta- 
**^ouBly diffuse itself uniformly over the entire extent of such 
Metallic surface, exactly as water would spread itself uniformly 

^'^er a level surface on which it is poured. 

The former class of bodies, which do not give free motion to 

the electric fluid on their surface, are called noncoTiductors ; and 

the latter, on which unlimited freedom of motion, prevails, are 

<^ed conductors. 

13* Seffrees of eondnetlon. — Of all bodies the most perfect 
conductors are the metals. These bodies transmit electricity in* 
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stantaneously, and without any sensible obstraction, providec 
their dimensions are not too small in relation to the quantity o: 
electricity imparted to them. 

The bodies named in the following series possess the conducting 
power in different degrees in the order in which they stand, thi 
most perfect conductor being first, and the most perfect noncon- 
ductor last in the list. The black line divides the most imperfed 
conductors from the most imperfect nonconductors ; but it musi 
be observed that the position of this line is arbitrary, the 6xact 
relative position of many of the bodies composing the series not 
bemg certainly ascertained. The series, however, will be useful 
as indicating generally the bodies which have the conducting and 
nonconducting property in a greater or less degree : — 



All the metalt. 

Well-burnt charcoal. 

Plumbago. 

Concentrated adds. 

Powdered charcoal. 

Dilute acidt. 

Saline solutioni. 

Metallic orei. 

Animal fluid*. 

Sea-water. 

Spring-water. 

Rain-water. 

Ice abore 13^^ Fahrenheit. 

Snow. 

Living vesetablei. 

liring animals. 

Flame. 

Smoke. 

Steam. 

Salts soluble in water. 

Rarefied air. 

Vapour of alcohol. 

Vapour of ether. 



Moist earth and stones. 
Powdered glass. 
Flowers of sulphur. 



Dry metallic oxides. 

Oils, the heaTiest the best. 

Ashes of vegetable bodies. 

Ashes of animal bodies. 

Manv transparent crystals, 
drv. 

Ice below xjO Fahrenheit. 

Phosphorus. 

Lime. 

Dry chalk. 

Native carbonate of ba- 
rytes. 

Lycopodium. 

Caoutchouc. 

Camphor. 

Some siliceous and argilla- 
ceous sCones. 

Dry marble. 

Porcelain. 



Drr vegetable bodies. 

Baked wood. 

Dry gases and air. 

Leather. 

Parchment. 

Dry paper. 

Feathers. 

Hair. 

Wool. 

Dyed silk. 

Bleached silk. 

Raw silk. 

Transparent gems* 

Diamond. 

Mica. 

All vitrifactions. 

Glass. 

Jet. 

Wax. 

Sulphur. 

Resins. 

Amber. 

Gum-lac. 



14. Ztuinlators. — Good nonconductors are also called intw 
lators, because when any body suspended by a nonconducting 
thread, or supported on a nonconducting pillar, is charged will 
electricity, such charge will be retained, since it cannot escape by 
the thread or pillar, which refuses a passage to it in virtue of its 
nonconducting quality. Thus, a globe of metal supported on a 
glass pillar, or suspended by a silken cord, being charged with 
electricity will retain the charge ; whereas, if it were supported on 
a metallic pillar, or suspended by a metallic wire, the electricity 
would pass away by its free motion over the surface of the pillar 
oi; the wire. 

1 5. Immlating vtoola are formed with glass legs, so that any 
body charged with electricity and placed upon them will retain its 
electric chai^. 

16. Bleotrlos and non-eleotrlos obsolete tomui. — Con- 
ducting bodies were formerly called noti'electrics, and noncon- 
ducting bodies were called electrics, from the supposition that the 
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latter were ci^ble of being electrified bj friction, but the former 
not. 

The incapability of conductors to be electrified bj friction was, 
however, afterwards shown to be only apparent, and accordingly 
the use of these terms has been discontinued. 

If a rod of metal be submitted to friction, the electricity evolved 
is first difiused over its entire surface in consequence of its con* 
ducting property, and thence it escapes by the hand of the ope- 
rator which holds it, and which, though not as perfect a conductor 
as the metal, is sufficiently so to carry off the electricity, so as to 
leaye no sensible trace of it on the metal. But if the metal rod 
he suspended by a dry silken thread (which is a good noncon- 
ductor), or be supported on a pillar of glass, and then be struck 
several times with the fur of a cat, it will be found to be nega- 
tively electrified, the fur which strikes it being positively elec- 
trified. 

17. Two peraoiis reoiprooally etuurirod wltb oontrary- 
eleetrioltsr boliiff plaeed on iiunilatliiir atoola. — If one strike 
the other two or three times with the fur of a cat, he that strikes 
"will have his body positively, and he that is struck negatively, 
electrified, as may be ascertained by the method already explained, 
of presenting to them successively the pith ball b, fig, 2., pre- 
viously chained with positive electricity. It will be repelled by 
the body of him that strikes, and attracted by that of him who is 
struck. But if the same experiment be made without placing 
the two persons on insulating stools, the same effects will not 
^ue ; because, although the electricities are developed as before 
hy the action of the fur, it immediately escapes through the feet 
to the ground. 

18. mo atmoopliero la a noneondnotort for if it gave a 
free passage to electricity, the electrical effects excited on the 
^ace of any body surrounded with it would soon pass away ; 
snd no electrical phenomena of a permanent nature could be 
produced, unless the bodies were removed from the contact of the 
^< It is found, however, that resin and glass, when excited by 
friction, retain their electricity for a considerable time. 

19* Carolled air is a eondnotor, for an electrified body soon 
loses its electricity if placed in the exhausted receiver of an 
**'-pump. The electric fluid may, therefore, be considered as 
lornung a coating upon the surface of electrified bodies, and as 
^^g held upon them by the tension or pressure of the; sur- 
rounding air. 

20. Vso of the Bilk atrinv wliicli anspenda pitb balls. — 
"^ ^he experiments described in (1.) etseq. with the pith balls, 
^^ silken string by which they are suspended acts as an insulator. 
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The pith of elder being a conductor, the electric fluid is diffused 
over the ball; but the silk being a nonconductor, it cannot 
escape. If the ball were suspended by a metallic wire attached 
to a stand composed of any conducting matter, the electricity 
would escape, and the effects described would not ensue. But if 
the metallic wire were attached to a glass rod or other noncon- 
ductor, the same effects would be produced. In that case the 
electricity would be diffused over the wire as well as over the 
baU. 

21. Water a eonduetor. — Water, whether in the liquid or 
vaporous form, is a conductor, though of an order greatly inferior 
to the metals. This fact is of great importance in electrical phe- 
nomena. The atmosphere contains suspended in it always more 
or less aqueous vapour, the presence of which impairs its noncon- 
ducting property. Hence, electrical experiments always succeed 
best in cold and dry weather. Hence it appears why the most 
perfect nonconductors lose their virtue if their surface be moist, 
the electricity passing by the conducting power of the moisture. 

22. Znsalatoni mnst be kept dry. — This circumstance also 
shows why it is necessary to dry previously the bodies, on which it 
is desired to develop electricity by friction. It will be apparent 
from what has been explained, that it would be more correct U^ 
designate bodies as good and bad conductors in various degrees.^ 
than as conductors and nonconductors. There exists no bod; 
which, strictly speaking, is either an absolute conductor or abso 
lute nonconductor. 

23. There is no certain test to dtstingnlsh oondi 
flrom noneoBdnotors. — Electricity is transmitted, not like ligl 
and heat, through the interior dimensions of bodies, but 01 
on their surfaces. Glass, which is an almost perfect conductor 
light, is a nonconductor of heat and electricity. Sealing-w 
which is a nonconductor of electricity, is also a nonconduct<Nr 
light and heat. The metals, on the other hand, are conductd^.' 
of heat and electricity, but are nonconductors of light. Watecr* 

a conductor of electricity and light, but a nonconductor of heafc^ . 

24. The condnetliir power is varionslar aflseted by temai»i 
rature. — In the metals it is diminished by elevation of temperatia.s?f 
but in all other bodies, and especially in liquids, it is augmen ^.c( 
Some substances, which are nonconductors in the solid state, he 
come conductors when fused. Sir H. Davy found that glass raiser 
to a red heat became a conductor ; and that sealing-wax, pitch 
amber, shell-lac, sulphur, and wax become conductors when lique 
fied by heat. The manner in which electricity is communicator 
from one body to another, depends on the conducting property 
ihe body imparting and the body receiving it. 
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25. Blfeots produeed by toneblnc an aleetrilled body by a 
eondnetor wbioli is not insulated. — If the surface of a non- 
conducting body, glass, for example, be charged with electricity, 
and be touched oyer a certain space, as a square inch, by a con- 
ducting body which is not insulated, the electricity which is dif- 
fused on the surface of contact will pass away by the conductor, 
but no other part of the electricity with which the body is charged 
will escape. A patch of the surface corresponding with the magni- 
tude of ^e conductor will alone be stripped of its electricity. The 
nonconducting property of the body will prevent the electricity, 
which is diffused over the remainder of its surface, from flowing 
into the space thus drained of the fluid by the conductor. But if 
the body thus charged with electricity, and touched by a con-« 
ductor not insulated, be a conductor, the effects produced will be 
very different. In that case, the electricity which covers the sur- 
face of contact will first pass off; but the moment the surface of 
contact is thus drained of the fluid which covered it, the fluid dif- 
fused on the surrounding surface will flow in and likewise pass off, 
and thus all the fluid diffused over the entire surface of the body 
^11 rush to the surface of contact, and escape. These effects, 
though, strictly speaking, successive, will be practically instan- 
^eous ; the time which elapses between the escape of the fluid 
which originally covered the surface of contact, and that which 
joshes from the most remote parts to the surface of contact, being 
^appreciable. 

26. Bffect produced wben the tonebinir eondnotor is in- 
*^ted. — If a conducting body, which is insulated and charged 
"*^ith electricity, be brought into contact with another conducting 
^y, which is also insulated and in its natural state, the electricity 
^yl diffuse itself over the surfaces of both conductors in propor- 
^<>ii to their relative mi^itudes. 

^f 8 express the superficial magnitude of an insulated conducting body, 
^ the quantity of electricity with which it is charged, and s' the superficial 
'^'t^tude of the other insulated conductor with which it is brought into 
^^i^tact, the charge s will, after contact, be shared between the two con- 
^^ctors in the ratio of s to s' ; so that 

s 
EX— --j= the charge retained by s ; 

£ X "ZT/— the charge received by s'. 

27. wiiy tbe oaitb is called the common reservoir.— If 

^^e second conductor s' be the globe of the earth, s' will bear 
* proportion to s which, practically speaking, is infinite; and 
^consequently the quantity of electricity remaining on s, ex- 
Pressed bv 
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will be nothing. Hence the body s loses its entire charge whei 
put in conducting communication with the ground. 

An electrified body being a conductor, is therefore reduced t< 
its natural state when put into electric communication with th« 
ground, and the earth has been therefore called the common reser 
voir, to which all electricity has a tendency to escape, and to whicl 
it does in fact always escape, unless its passage is intercepted b; 
nonconductors. 

28. Slootrioltj passes by prefsrenoa on tbe best oon< 
dnotors* — If several different conductors be simultaneously placet 
in contact with an insulated electrified conductor so as to form 1 
communication between it and the ground, the electricity wil 
always escape by the best conductor. Thus, if a metallic chaii 
or wire be held in the hand, one end touching the ground and th< 
other being brought into contact with the conductor, no part 
the electricity will pass into the hand, the chain being a bette: 
conductor than ihe flesh of the hand. But if, while one end of thi 
chain touch the conductor, the other be separated from the ground 
then the electricity will pass into the hand, and will be rendere* 
sensible by a convulsive shock. 



CHAP. III. 

INDUCTION. 



29. AottOB Of eleotrioltj' at a distance. — If a body . 
charged with electricity of either kind, be brought into proxiiiLi< 
with another body d in its natural state, the fluid, with which A. 
surcharged, will act by attraction and repulsion on the two coi 
stituents of the natural electricity of d ; attracting that of the con 
trary, and repelling that of the same kind. This effect is precise!, 
similar to that produced on the natural magnetic fluid in a piec 
of iron, when the pole of a magnet is presented to it, as wili I>* 
explained hereafter. 

If the body b in this case be a nonconductor, the electric flui< 
having no free mobility upon its surface, its decomposition vil 
be resisted, and the body b will continue in its natural state, not - 
withstanding the attraction and repulsion exercised by a on th^ 
constituents of its natural electricity. But if b be a conductor 
the fluids having freedom of motion on its surface, the fluid similai 
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to that with which b is charged will be repelled to the side most 
distant from b, and the contrary fluid will be attracted to the side 
next to B. Between these regions a neutral line will separate 
those parts of the body b, over which the two opposite fluids are 
respectively diffused. 

30. XnduetloB is the action of an electrified body exerted at 
a distance upon the electricity of another body, and is evidently 
analogous to that which produces similar phenomena in the mag- 
netic bodies. 

31. Bzpaiimantal ezliibltlon of Its elfoots. — To render it 
experimentally manifest, let s and s', fig, 4., be two metallic balls 




Fig. 4. 

supported on glass pillars ; and let a a' be a metallic cylinder simi- 
larly mounted, whose length is ten or twelve times its diameter, 
and whose ends are rounded into hemispheres. Let s be strongly 
charged with positive, and s' with negative electricity, the cylinder 
A Ml being in its natural state. 

Let the balls s and s' be placed near the ends of the cylinder a A^ their 
centres being in line with its axis, as represented in the figure. The positive 
electricity of s will .now attract the negative, and repel the positive consti- 
tuent of the natural electricity of A a', so as to separate them, drawing the 
negative fluid towards the end a, and repelling the positive fluid towards the 
end a'. The negative electricity of s' will produce a like eflect, repelling the 
n^ative electricity of a a' towards a, and drawing the positive towards A'. 

Since the cylinder a aMs a conductor, and therefore the fluids have freedom 
of motion on its surface, this decomposition will take eflect, and the half o A 
of the cylinder next to s will be charged with negative, and the half o A' 
next to s' with positive electricity. 

That such is in fact the condition of A A' may be proved by presenting a 
pith ball (i.) pendulum charged with positive electricity to either half of the 
cylinder. When presented to o a' it wUl be repelled, and when presented to 
OA it will be attracted. 

If the two balls s s' be gradually removed to increased but equal distances 
from the ends a and a', the recomposition of the fluids will gradually take 
place; and when the balls are altogether removed the cylinder a A' will 
recover its natural state, the fluids which had been separated by the action 
of the balls being completely recombined bv their mutual attraction. 
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Let a metallic ring nf^fig, 5., be supported on a rod or 
hook of glass it, and let two pith balls 6 ft' be suspended 
from it by fine wires, so that when hanging vertically 
they shall be in contact. Let a ball of metal r, strongly 
charged with positive electricity, be placed over the ring 
n! at a distance of eight or ten inches above it The 
presence of this ball will immediately cause the pith 
balls to repel each other, and they will diverge to in- 
creased distances the nearer the ball r is brought to 
the ring n/. If the ball r be gradually raised to greater 
\ ^ distances from the ring, the balls hV will gradually ap- 
ho ^ o^ proach each other, and will fall to their position of rest 
Fig. 5. vertically under the ring when the ball r is altogether 

removed. 
If the charge of electricity of the balls s and s',^. 4., or of the ball n 
fig. 5., be gradually diminished, the same effect will be produced as when the 
distance is gradually increased ; and, in like manner, the gradual increase of 
the charge of electricity will have the same effect, as the gradual diminutiaii 
of the distance from the conductor on which the action takes place. 

If the ring n', the balls h V, and the connecting wire, be first feebly charged 
with negative electricity, and then submitted to the inductive action of the 
ball r charged with positive electricity, placed, as before, above the ring, the 
following effects will ensue. When the ball r approaches the ring, the balls 
hlfj which previously diverged, will gradually collapse until they come into 
contact. As the ball r is brought still nearer to n/, they will again diverge^ 
and will diverge more and more, the nearer the ball r is brought to the ring. 
These various effects are easily and simply explicable by the action of the 
electricity of the ball r on that of the ring. When it approaches the ring, 
the positive electricity with which it is charged decomposes the natural elec- 
tricities of the ring, repelling the positive fluid towards the balls. This fluid 
combining with the negative fluid with which the balls are charged, neutra- 
lises it, and reduces them to their natural state : while this effect is gradually 
produced, the balls h hi lose their divergence and collapse. But when the 
ball r is brought still nearer to the ring, a more abundant decomposition of 
the natural fluid is produced, and the positive fluid repelled towards the balls 
is more than enough to neutralise the negative fluid with which they are 
charged; and the positive fluid prevailing, the balls again diverge with 
positive electricity. 

These effects are aided by the attraction exerted by the positive electricity 
of the ball r on the negative fluid, with which the balls h hi are previously 
charged. 

If the electrified ball, instead of being placed above the ring, be placed at 
an equal distance below the balls hVy^ series of effects will be produced in 
the contrary order, which the student will find no difficulty in analysing and 
explaining. 

If the ball r be charged with negative electricity, it will produce the same 
effects when presented above the ring as when, being charged with positive 
electricity, it is presented below it. 

32. Let three copper cylinders, ab, a'b/, jJfWf,fig. 6., rounded at the ends, 
be supported on insulating pillars, and the pith ball pendulums be inserted at 
their extremities, the pith balls being supported by wires or other conducting 
threads on rods which are also conductors. Let the cylinders, placed end 
to end, as shown in the figure, be brought near to a conductor c, charged, 
/br examplei, with positive electricity ; the electricity of c will decompose the 




Fig, «. 

■t Uie remote rod B, will set b; iDitaction in a dmilar mumer upoo tha 
nitorai electricitj' of A' b') ■Uncling tbe aegatiTeelKtricitjtotheneireiid, 
udnpcUJng tb« poeitlve to the remau end, aa indicated in tha figure whou 
■f liilkatca thn poeitive, and - ths negative electricity. 

mtdittributiou of Ibetwo flnidi wilt be shoirn by the pith billa, uindi- 
ewd in tba fignre; the pilh ball*, charged with etch kind of electridly, 
Uiaj[npall«d by the rodi aimilulj- charged. 

In ill cases wttatever, the conductor, irboae electrical state has 
been changed bj the proximity of an electrified bod/, returns to 
'ti primidTe electrical condition irhen the disturbing action of 
"wh body ia removed ; and tbis return b either Instantaneoua or 
E'tdoal, according as the removal of the disturbing body is in- 
■tutineoua or gradual. 

33' >■»«(• of snaaaD IndnotlTB aotlon. — It appears, there- 
'"'^ that sudden and violent changes in tbe electrical condition 
Di I conducting body may take place, without either imparting to 
* sbstracting from euch body any portion of electricity. The 
^'Wricity with vhich it is invested before tbe inductive action 
'^""Uaences, and at1;er such action ceases, is exactly the same i 
"^^^elew, the decomposition and recomposition of the conslj- 
■"ttit flnids, and their notion more or less sudden over il u^d 
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through its dimensionB, are productive often of mechanical effects 
of a very remarkable kind. This is especiallj the case with im- 
perfect conductors, which offer more or less resistance to the 
reunion of the fluids. 

34. Bzampla In tba case of a fkror- — Let a frog be sus- 
pended bj a metallic wire which is connected with an insulated 
conductor, and let a metallic ball, strongly charged with positive 
electricity, be brought under, without, however, touching it. The 
effects of induction already described will ensue. The positive 
fluid will be repelled from the frog towards the insulated con- 
ductor, and the negative fluid will be attracted towards it, so that 
the body of the frog will be negatively electrified ; but this, taking 
place gradually as the electrified ball approaches, is attended with 
no sensible mechanical effect. 

If the electrified ball, however, be suddenly discharged, by con- 
necting it with the ground by a conductor, an instantaneous re- 
vulsion of the electric fluids will take place, between the body of 
the frog and the insulated conductor with which it is connected ; 
the positive fluid rushing from the conductor, and the negative 
fluid fh>m the frog, to recombine in virtue of their mutual at- 
traction. This sudden movement of the fluids will be attended 
by a convulsive motion of the limbs of the frog. 

35. Zndnotive sbook of tbe bmnan body. — If a person 
stand close to a large conductor strongly charged with electricity, 
he will be sensible of a shock when this conductor is suddenly 
discharged. This shock is in like manner produced by the sudden 
recomposition of the fluids in the body of the patient, decomposed 
by the previous inductive action of the conductor. 

36. Bevelopment of eleotrtolty by Indnotton. — A con- 
ductor may be charged with electricity by an electrified body, 
though the latter shall not lose any of its own electricity or impart 
any to the conductor so electrified. For this purpose, let the con- 
ductor to be electrified be supported on a glass pillar so as to 
insulate it, and let it then be connected with the ground by a me- 
tallic chain or wire. If it be desired to charge it with positive 
electricity, let a body strongly charged with negative electricity be 
brought close to it without touching it. On the principles already 
explained, the negative electricity of the conductor will be repelled 
to the ground through the chain or wire ; and the positive elec- 
tricity will, on the other hand, be attracted from the ground to the 
conductor. Let the chain or wire be then removed, and, after- 
wards, let the electrified body by whose inductive action the effect 
is produced be removed. The conductor will remain charged with 
positive electricity. 

It may in like manner be charged with negative electricity, by 
the inductive action of a body charged with positive electricity. 
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CHAP. IV. 



BLSCTBICAL MACHDISS. 



37. JkB eleotrleal machine is an apparatus, by means of which 
electricity is developed and accumulated, in a convenient manner 
for the purposes of experiment. 

All electrical machines consist of three principal parts, the rub- 
ber, the body on whose surface the electric fluid is evolved, and 
one or more insulated conductors, to which this electricity is trans- 
ferred, and on which it is accumulated. 

38. TIM rubber is a cushion stuffed with hair, bearing on its 
sor&ce some substance, which by friction will evolve electricity. 
The body on which this friction is produced is glass, so shaped 
and mounted as to be easily and rapidly moved against the rubber 
with a continuous motion. This object is attained by giving the 
glass the form either of a cylinder revolving on its geometrical axis, 
or of a circular plate revolving in its own plane on its centre. 

39. Tlie cMmduotoni are bodies having a metallic surface and 
a great variety of shapes, and always mounted on insulating pillars, 
or suspended by insulating cords. 

40. Tbe oommoB cylindrical macliine. — A hollow cylinder 
of gbiss A "By fig' 7m ^ supported in bearings at c, and made to 
revolve by means of the wheels c and d connected by a band, a 
handle b being attached to the greater wheel. 

The cushion h, represented separately in fig. 8., is mounted on a glass 
pillar, and pressed with a regulated force against the cylinder by means of 
springs fixed behind it. A chain, fig. 7., connects the cushion with the 
Si'OBnd. A flap of black silk equal in width to the cushion covers it, and 
i> carried over the cylinder, terminating above the middle of the cylinder 
<^ the opoosite side. 





Fig. 7. 



Fig. 8. 



The conductor is a cylinder of thin brass m n, the ends of which are parts 
' spheres greater than hemispheres. It is supported by a glass pillar o f. 

c 
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To the end of the condactor next the cylinder is attached a row of points 

represented separately in fg. 9., which are pre- 

HD sented close to the surface of the cylinder, but 

^ .. ... .0 "^^out touching iL The extent of this row oi 

~\j \j \/ \/ \j points corresponds with that of the rubber. 

V V V V V As the efficient performance of the machine 

Fig. 9. depends in a great degree on the good insolation of 

the several parts, and as glass is peculiarly liable 

to collect moisture on its surface which would impair its insulating virtue, it 

is usual to cover the insulating pillars of the rubber and conductor, and all 

that part of the cylinder which lies outside the cushion and silk flap, with a 

coating of resinous varnish, which, while its insulating property is more per- 

feet than that of glass, offers less attraction to moisture. 

To explain the operation of the machine, let us suppose that the 
cylindeF is made to revolve by the handle b. Positive electricity 
is developed upon the cylinder, and negative electricity on the 
cushion. The latter passes by the conducting chain to the ground. 
The former is carried round under the flap, on the surface of the 
glass, until it arrives at the points projecting from the conductor. 
There it acts by induction (30.) on the natural electricity of the 
conductor, attracting the negative electricity to the points and 
repelling the positive fluid. The negative electricity issuing from 
the points combines with and neutralises the positive fluid difiused 
on the cylinder, the surface of which, afler it passes the points, is 
therefore restored to its natural state, so that when it arrives again 
at the cushion it is prepared to receive by friction a fresh charge 
of the positive fluid. 

It is apparent, therefore, that the eflect produced by the oper- 
ation of this machine is a continuous decomposition of the natural 
electricity of the conductors, and an abstraction from it of just so 
much negative fluid as compensates for that which escapes by 
the cushion and chain to the earth. The conductor is thus as it 
were drained of its negative electricity by a stream of that fluid, 
which flowing constantly from the points passes to the cylinder, 
and thence by the cushion and ch^ to the earth. The conductor 
'is therefore lefl surcharged with positive electricity. 

41. xraima's cylinder macliiiie. — This apparatus, which is 
adapted to produce at pleasure either positive or negative elec- 
tricity, is similar to the last, but has a second conductor in con- 
nection with the cushion. 

A geometrical drawing in outline of this machine is shown mj^. la When 
it is desired to collect positive electricity, the conductor m f is put in con- 
nection with the ground, and the machine acts as that described above. 
When it is desired to collect negative electricity, the conductor m' b is put:> 
in connection with the ground, and the conductor m f is insulated. In this 
case a stream of positive electricity flows continually from M f through the 
cushion to the cylinder, and thence by the conductor m' b to the grounds 
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F charged with 



Iwving the coadaetor it 
negBtiTB electricity. 

A perflpective drawing of th« uudb ma- 
chine, with aome uaimportant modifica- 
tiona of form and airaagaiaantt is given 
in fig. II. Id this, c ia the conductor 
which carries the rubber D, and B that 
which collects the positive electricit}' ; 
the cylinder a, between th«e, is worked 
bf a winch ii having an insulating 
handle. The rods attached to the posi- 
tive Mid negative conductors, tetminate 
in copper balls, between which, when 
brought near to each other, a series of 
electric sparks constantly pass, proceed- 
Fi». ">■■ ing from the tendency of the opposite 

cltetricitieB to attisct each other and combine. 




two pair of cushions at e and f.', a cor- 
responding width of the glass being 
covered by a silk sheathing extending to 
F", where the points of the conductors are 
preaented. The handle being turned in 
thedireclionoftbearTOw.andthecnahions 
being connected by conducting chains 
with the ground, positive electricity is 
developed on the glass, and neutralised as 
Id the cylinder machine, by the negative 
electricity received by induction ftom the 
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coDdnetoiBi which estutrt of a lang nimnr cylindsr, beot Into ■ foim to 
adapt It to the pUt«. It Ii TepTesented at v n, a branch u o b«ing carried 
puallel to ths plats and bent inta the form mopq, ao that the part fq shall 
be preasnted does to the plate under the edge of the silk flap. A ilmilar 
bnnch of the conductor extends on the other aide, ternunatlDg just aboi-e 
the edge of the lower altk flap. 

The principle of Ihlg machine Is nniilar in all respects to that of the com- 
non cylinder machine. With the same weight and bulk, the estent of 
rubbing sarhce, and coneeqnentlf the erolntion of electrlcitf, la mnch greater 
in the cylinder m * 





A perepectlTB tIow of this machine is given in /Ig. ij., where the arc of 
O^ipei T T', c«nn»:ted with the handle is placed Terticall]', and in ji^ 14. 
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Uu uma are x x' la exhibited horizoDUlIf , being then in contact with thg 

eo^oDL On the other ado of ths plate is tho larga copper ball a, standing 
OR an iuanlating pillai lo which the arc x I'fy, ij. and i t- fii, 14. ia fixed, 
bong placed horizantaltj inj^. 13., and TBiticall/ infy. H- 

Wbto the two arcs TT* and xx'ue placed as iajig, i]., tt' bdng vertical, 
udxx' horizontal, the two brancbei xx' are in contact with the cusbiona, 
i^ils these of XT' appnuch the piste without touching it; cooseqaently, if 
by tbe aid of the handle the plate is tamed, the coahiona, which are nega- 
tiielf fllectrifiedi cbarge the ball a with the negative fluid, while the positive 
tlutiicit; of the plate, acting by indaction upon T t; draws fVom the giooud 
llie negative fluid, which it neutralises. 

On the other hand, if the branches rv and xx' be disposed as in JI3. 14, 
1]iE cDihioDB comtnuniciting with the groand by x z' lose sll their electricity, 
vhile the piste which ia positively electiifled, acting by induction upon t t', 
ad tlie ball a, drains them of tha negative fluid, and learea them pod- 
livelf eleelxified. 

43. »-- — J— '- Plata nuMUae. — One of the eirlieat electric 
ipparatuB of Ihia form which was constructed b represented in 




Thel«rgeglMsplfltech,ia mounted be ween wooden supports Mm, and turned 
liyabandlex. It is pressed between two paira of rubbers, c u. In the direc- 
tion itf its hoHiontsl diameter it passes between two carved brass tabes D D', 
wbich collect the electricity ftom it by points in the iisaal way. These are 
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•jiP winch, jnother rab« s 




3 ar. aiufi i wi om immTtfmg piUars 
'iBtniiiHTT^ in. ft ksoik 



Alter wiiac has been tsspuuiBifL jf ds otber 't— ^'"^ tiie ^eorj 
ijf this wiU be readily omiiasKimL 

at* eiectzic mi'hinit baa reanitecL n^om the MxaiaataL ofaaenrmdon 
of an eleetrxc dboek. pEwinued bj die vsmtacs ot* s jet of bi^ 
preasme aeam iaBain^ dnm. a ouiler it 3 Vn i <i3Bd eHm-Tyne in 
liiifC. Mr. A ijmartm g of dur piaoi ouuk up die inqoirT; and 
iocceeded in. onmrrrin^ a yw^iHiim* sqt die groductzon and acca- 
mnlannn at eieetriiaCT-^ hj die atcencT- at sceam. Ptn&aaor Faraday 
inreadeaced die dteury ot die appataco^ and afaowed tiiat the 
grrgm jt die eieetricaL lieraupnumc was die laaedatL (^minnte- 
aqneona pardcii>& produced by die pardai condenaadm. q€ tiitt- 
seam aeainac die :iiirdue ot" die jet^ onm wnieh die aceam. iasiied. 

Tlie iijdra-titeetrTiniL Tw?to'hm*» baft am:e been comttnzcted 
fadfiiia duma and vfimemsuna*. 




jBLsiaeIisgsa»«i iftUi tM in a ;i6ifii 4t' ii»uuc««L. 
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/is the fturnace door, the ftumace being a tube within the boiler. 

< is the safety-valve. 

ft is the water-gauge, a glass tube indicating the level of the water in the 

boiler, 
r a regulating valve, by which the escape of steam ih>m the boiler may be 

controlled. 
( a tube into which the steam rushes as it escapes from r. 
e three or more jet pipes, through which the steam passes from t, and from 

the extremities of which it issues in a series of parallel jets. 
d a condensing box, the lower half of which contains water at the conunon 

temperature. 
g the chimney. 

^ an escape pipe fbr the vapour generated in the condensing box d, 
b the conductor which takes from the steam the electricity which issues 

with it fh>m the jet pipes e. 
k the knob of the conductor fh)m which the electricity may be received 

and collected for the purpose of experiment. 
The jet pipes e traverse the middle of the condensing box d, above the 
nr&ce of the water contained in it Meshes of cotton thread surround these 
tabes within the box, the ends of which are immersed in the water. The 
vater is drawn up by the capillary action of these threads, so as to surround 
the tabes with a moist coating, which, by its low temperature, produces 
A slight condensation of the steam as it passes through that part of 
the tube. 

The fine aqueous particles thus produced within the tube are carried for- 
ward with the steam, and, on issuing through the jet pipe, rub against its 
sides. This friction decomposes the natural electricity, the negative fluid 
remaining on the jet, and the positive being carried out with the particles of 
vster, and imparted by them to the conductor b. 

It will be apparent that in this arrangement the interior surface of the jet 

pUys the part of the rubber of the ordinary machine, and the particles of 

water that of the glass cylinder or plate, the steam being the moving power 

which maintains the friction. 

In order to insure the efficiency of the friction, the conduit provided for 

the escape of the steam is not straight but an- 
gular. A section of the jet pipe near its extremity 
is represented in Jig, 17. The steam issuing from 
the box d encounters a plate of metal m which in- 
tercepts its direct passage to the mouth of the jet 
It is compelled to turn downwards, pass under the 
edge of this plate, and, rising behind it, turn again 
Fig. 17. uito ^^c escape pipe, which is a tube formed of 

partridge wood enclosed within the metal pipe n. 
It is found that an apparatus thus constructed, the length of the boiler 
P^g 32 inches and its diameter 16 inches, will develop as much electricity 
"! ^ given time as three common plate machines, whose plates have a 
^meter of 40 inches, and are worked at the rate of 60 revolutions per 
minute. 

A machine on this principle, and on a great scale of magnitude, was erected 
,y the Royal Polytechnic Institution of London, the boiler of which was 78 
"^<^hes long, and 42 inches diameter. The maximum pressure of the steam 
^^ the commencement of the operation was sometimes 90 lbs. per sq. inch. 

C4. 
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4>' TohdEt a te thc |Mil!itimuLt cf cipCTi»ent»,T«rioiiiaccca- 
ntm are bkuOt pnirided villi dww naduixs. 

46. ^MHlattsK atoaiB. — Iikniktii^ mrafa. cmnrocted of 
Mnoie, hvd wood. wcH haked ud dried, and nipportcd on kfi 
wt gba Mated with loiiKNU Tunuh. ai« tarial wbm it b re- 
qnml to keep for uit dme aoT eoadDcdi^ bodr <lai;eied vith 
elwtriciiT. Tie bodj » placed od ooc t>t tltese iloob while it is 



ThH, two persom Kaading on two soA ttoob. mar be durged, 
me whh positiTe^ and tbe oiha wi^ ncfatiTc, dectricitT. If^ 



tiintKi ^n 

ptoportMMiaie to theqaandtr of ele etri ei ^ wiA wiiieli ther wm 

47. MackavBtar r « Ja . — Since it tt freqaentlj nensstuj to 
diaenre the ^lecu of pointt and rgkma, pieces nch m j^ 19, 
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20. are provided, to be inserted in holes in the conductors ; also 
metallic balls, Jig9. 21, 22., attached to glass handles for cases in 
wUch it is desired to apply a conductor to an electrified body 
without allowing the electricity to pass to the hand of the 

/3 n 
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Fig. 19. Fig, 10. FIg.M. FIg.M. 

operator. With these rods the electricity may be taken from 
a conductor gradually by small portions, the bfdl taking by each 
contact only such a fraction of the whole charge as corresponds 
to the ratio of the surface of the ball to the surface of the con- 
ductor. 

48. Jointed diaoliaiveni. — To establish a temporary connec- 
tion between two conductors, or between a conductor and the 
ground, the jointed dischargers, Jigi. 23, 24., are useful. The 





Fig.»j. 



Fig. 14. 

ice between the balls can be regulated at pleasure by means 
^ the joint or hinge by which the rods are united. 

49* mBlTenml disoliaivor" — The universal discharger, an in- 
'^'^unent of considerable convenience and utility in experimental 
'^Bearcfaes, is represented in^. 25. It consists of a wooden table 
^ which two glass pillars a and II are attached. At the summit 
^ these pillars are fixed two brass joints capable of revolving in a 
horizontal plane. To these joints are attached brass rods cc^ 
^CfDiinated by balls dd', and having glass handles EE^ These 
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rods play on joints at b b', by which they can be moved in vertical 
planes. 




Fig. 25, 

The balls dd^ are applied to a wooden table sustained on a 
pillar capable of having its height adjusted by a screw t. On the 
table is inlaid a long narrow strip of ivory, extending in the direc- 
tion of the balls d d'. These balls d d' can be unscrewed, and 
one or both may be replaced by forceps, by which may be held 
any substance through which it is desired to transmit the elec- 
tric charge. One of the brass rods c is connected by chain or 
a wire with the source of electricity, and the other with the 
ground. 

The electricity is transmitted by bringing the balls d d' with 
the substance to be operated on between them, within such a dis- 
tance of each other as will cause the charge to pass from one to the 
other through the introduced substance. 
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CONDENSER AND ELECTB0PH0RU8. 

50. Ir a conductor a, communicating with the ground, be placed 
near another conductor b, insulated and charged with a certain 
quantity of electricity e, a series of effects will ensue by the 
reciprocal inductive power of the two conductors, the result of 
which will be that the quantity of electricity with which b is 
charged, will be augmented in a certain proportion, depending on 
the distance between the two conductors through which the induc- 
tive force acts. The less this distance is the more energetic the 
induction will be, and the greater the augmentation of the charge 
of the conductor b. 
To explain this, we are to consider that the eleetridty e, acting on the 
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natural electricity of A, repels a certain qnantity of the fluid of the same 
name to the earth, retaining on the side of a next to b the fluid of the con- 
trary name. This fluid of a contrary name thus developed in a reacts upon the 
natural electricity of b, and produces a decomposition in the same manner, 
augmenting the charge e hy the fluid of the same name decomposed, and 
expelling the other fluid to the more remote side of b. This increased fluid 
in B again acts upon the natural electricity of a, producing a further decom- 
position ; and this series of reciprocal inductive actions producing a succes- 
sion of decompositions in the two conductors, and accumulating a tide of 
contrary electricities on the sides of the conductors which are presented 
towards each other, goes on through an indefinite series of reciprocal actions, 
which, nevertheless, are accomplished in an inappreciable interval of time ; 
80 that, although the phenomenon in a strict sense hsphyticaUy progressive, 
it is procttcoAy instantaneous. 

To obtain an arithmetical measure of the amount of the augmentation of 
the electrical charge produced in this way, let us suppose that a quantity of 
electricity on b, which we shall take as the unit, is capable of decomposing 
on A a quantity which we shall express by m, and which is necessarily less 
than the unit, because nothing short of actual contact would enable the 
electricity of b to decompose an equal quantity of the electricity of a. 

I^ then, the unit of positive electricity act from b upon a, it will decompose 

the natural electricity, expelling a quantity of the positive fluid expressed by 

% and retaining on the side next to b an equal quantity of the negative 

flnid. Now this negative fluid m, acting on the natural electricity of b at the 

same distance, will produce a proportionate decomposition, and will develop 

on the side of b next to a an additional quantity of the positive fluid, just so 

much less than m as m is less than 1. This quantity will therefore be mxm, 
orni». 

This quantity nfi of positive fluid, again acting by induction on a, will 
develop, as before, a quantity of negative fluid expressed by m^xniy or nfi. 
And in the same manner this will develop on b an additional quantity of 
positive fluid expressed by m^xm, or m^. These inductive reactions being 
indefinitely repeated, let the total quantity of positive electricity developed 
on B be expressed by p, and the total quantity of negative electricity deve- 
loped on A by N, we shall have 

F=l +m'-^m^+in^+ Sttuadinf, 

Nstn^-m'-^m'^+m^^. &c. ad inf, 

^h of these is a geometrical series ; and, since m is less than 1, they are 
decreasing series. Now it is proved in arithmetic, that although the number 
of terms in such series be unlimited, their sum is finite, and that the sum of 

the unlimited number of terms composing the first series is ._ g , and that 

^ the second j^^' We shall therefore have 

1 m 



P=3 -o. N 



l-m3»" l-fll3 



ti, ^ **'® ^® ^^® supposed the original charge of the conductor b to be 
the unit. If it consist of the number of units expressed by e, we shall have 
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It follows, therefore, that the original charge e of the conductors has been 
augmented in the ratio of 1 to 1 —m^ by the proximity of the conductor a. 

The less is the distance between the conductors a and b, the more nearly 
m will be equal to 1, and therefore the greater will be the ratio of 1 to 1—nfif 
and consequently the greater will be the augmentation of the electrical charge 
of B produced by the presence of A. 

For example, suppose that a be brought so near b, that the positive fluid 
on B will develop nine tenths of its own quantity of negative fluid on a. In 
that case m=^=o'9. Hence it appears, that 1— m2=l-o-8i=o*i9 ; and, con- 
sequently, the charge of b will be augmented in the ratio of 1 to 0*19, or of 
100 to 19. 

5 1 . Tbe ooBdeiiser. — In such cases the electricity is said to be 
condensed on the conductor b by the inductive action of the con- 
ductor A, and apparatus constructed for producing this effect are 
called condensers. 

52. Bissimalated or latent electricity. — The electricity 
developed in such cases on the conductor a is subject to the 
anomalous condition of being incapable of passing away, though a 
conductor be applied to it. In fact, tbe conductor a in tbe pre- 
ceding experiment is supposed to be connected with the earth by 
conducting matter, such as chain, metallic column, or wire. Yet 
the charge of electricity n does not pass to the earth, as it would 
immediately do if the conductor b were removed. 

In like manner, all that portion of the positive fluid p which is 
developed on b by the inductive action of a, is held there by the 
influence of a, and cannot escape even if the conductors be applied 
in contact with it. 

Electricity thus developed upon conductors and retained there 
by the inductive action of other conductors, is said to be latent or 
dissimidated. It can always be set free by the removal of the con- 
ductors by whose induction it is dissimulated. 

53. Free electricity is that which is developed independently 
of induction, or which, being first developed by induction, is after- 
wards liberated from the inductive action. 

In the process above described, that part of the charge p of the 
conductor b which is expressed by e, and which was imparted to 
B before the approach of the conductor a, is free, and continues to 
be free after the approach of a. If a conductor connected with 
the earth be brought into contact with b, this electricity e will 
escape by it ; but all the remaining charge of b will remain, so long 
as the conductor a is maintained in its position. 

If, however, e be discharged from b, the charge which remains 
will not be capable of retaining in the dissimulated state so great 
a quantity of negative fluid on a as before. A part will be ac- 
cordingly set free, and if .a be maintained in connection with the 
ground it will escape. If a be insulated, it will be charged with 
Jt Btillf but in a, Sree state. 
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If this free electricity be discharged from A, the remaining 
charge will not be capable of retaining in the latent state so large 
a quantity of positive fluid on b as previously, and a part of what 
was dissimulated will accordingly be set free, and may be discharged. 

In this manner, by alternate discharges from the one and the 
other conductor, the dissimulated charges may be gradually libe- 
rated and dismissed, without removing the conductors from one 
another or suspending their inductive action. 

54. Condensers are constructed in various forms, according to 
the strength of the electric charges they are intended to receive. 
Those which are designed for strong charges require to have the 
two conductors separated by a nonconducting medium of some 
considerable thickness, since, otherwise, the attraction of the oppo* 
site fluids diflused on a and b would take effect ; and they would 
rush to each other across the separating space, breaking their way 
through the insulating medium which divides them. In this case 
the distance between a and b being considerable, the condensing 
power will not be great, nor is it necessary to be so, since the 
charges of electricity are by the supposition not small or feeble. 

In case of feeble charges, the space separating the conductors 
may be proportionally small, and, consequently, the condensing 
power will be greater. 

Condensers are usually constructed with two equal circular 
plates, either of solid metal or having a metallic coating. 

55. Colleotlnff and oondensinir plates. — The plate corre- 
sponding to the conductor a in the preceding paragraphs is called 
the condensing plate^ and that which corresponds to b the collecting 
piate. The collecting plate is put in conmiunication with the body 
whose electrical state it is required to examine by the agency of 
the condenser, and the condensing plate is put in communication 
with the ground. 

56. Cutlibertson's oondenser is represented in^. 26. 

The collectmg plate b is supported on a glass pillar, 

and communicates by a chain attached to the hook d 

/7 with the source of electricity under examination. The 

// condensing plate a is supported on a brass pillar, 

,/^ movable on a hinge, and communicating with the 

/y'/T ground. By means of the hinge the disc A may be 

'/// moved to or from b. The space between the plates in 

'^ this case may be merely air, or, if strong charges are 

used, a plate of glass may be interposed. 

When used for feeble charges, it is usual to cover 

11 ^ the condensing plate with a thin coating of varnished 

Fig. i6. silk, or simply with a coating of resinous varnish. An 

instrument thus arranged is represented in Jig, 27., 

where bbft the condensing plate, is a disc of wood coated with varnished 

tik tP» The collecting plate c c has a glass handle m, by which it may be 
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raised, and a rod of metal adhy whicb it ma; 
be pat in communication with the source o 
electricity under examination. 

The condensing plate in this case has gene 
rally sufficient conducting power when forme 
of wood, but may be also made of metal, and 
instead of varnished silk, it may be coated wit) 
gum-lac, resin, or any other insulator. 

When the plate c& has received its accu 

mulated charge, its connection with the souro 

of electricity is broken by removing the rod ad; and the plate ccf beini 

raised from the condensing plate, the entire charge upon it becomes free, an( 

may be submitted to an electroscopic test. 

57* Tbe electropbonui is an expedient by which a smal 
charge of free electricity may be made to produce a charge of in 
definite amount, which may be imparted to any insulated conductor 
This instrument consists of a circular cake, composed of a mixtur 
of shell-lac, resin, and Venice turpentine, cast in a tin mould . 
(^. 29.). Upon this is laid a circular metallic disc b, rather les 
in diameter than a, having a glass handle. 

Before applying the disc b, the resinous surface is electrifie 
negatively by striking it several times with the fur of a cat. Th.' 
disc B being then applied to the cake a, and the finger being a 
the same time pressed upon the disc b {Jig, 28.), to establi^ i 




Fig. z8. — Elbctrophohus. 

commumcation with the ground through the body of the operator, 
a decomposition takes place by the inductive action of the negative 
fluid on the resin. The negative fluid escapes from the disc b 
through the body of the operator to the ground, and a positive 
charge remains, which is prevented from passing to the resin partly 
by the thin film of air which will always remain between them 
even when the plate b rests upon the resin, and partly by the non- 
conductmg virtue of the resin. 
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When the disc b is thus charged with positive electricity kept 
latent on it by the influence of the negative fluid on ▲, the finger 




Fig. 29 — Elbctrophorui. 

being previously removed from the disc b, let it be raised from the 
fesm and the electricity upon it, before dissimulated, will become 
free, and may be imparted to any insulated conductor adapted to 
receive it. 

The charge of negative electricity remaining undiminished on 
tHe resin a, the operation may be indefinitely repeated ; so that an 
insulated conductor may be charged to any extent, by giving to 
It the electric fluid drop by drop thus evolved on the disc b by 
tbe inductive action of a. 

This is the origin of the name of the apparatus: 



CHAP. VI. 



£LECTBOSCOPE& 



5^* Bleotroseopes in general consist of two light conducting 
^^es freely suspended, which hang vertically and in contact, in 
their natural state. When electricity is imparted to them they 
'^pel each other, the angle of their divergence being greater or 
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less according to the intensity of the electricity difiused on them. 
These electroscopic substances may be charged with electricity 
either by direct communication with the electrified body, in which 
case their electricity will be similar to that of the body ; or they 
may be acted upon inductively by the body under examination, in 
which case their electricity may be either similar or different from 
that of the body, according to the position in which the body is 
presented to them. In some cases the electroscope consists of a 
single light conductor, to which electricity of a known species is 
first imparted, and which will be attracted or repelled by the body 
under examination when presented to it, according as the elec- 
tricities are like or unlike. 

These instruments vary infinitely in form, arrangement, mode of 
application, and sensitiveness, according to the circumstances under 
which they are placed, and the intensities of the electricities of 
which they are expected to detect the presence, measure the in- 
tensity, or indicate the quality. In electroscopes, as in all other 
instruments of physical inquiry, the most delicate and sensitive 
is only the most advantageous, in those cases in which much deli- 
cacy and precision are required. A razor would be an inefiectual 
instrument for felling timber. 

59. Pith ball electroscope. — One of the most simple and 
generally useful electroscopic instruments is the pendulous pith 
ball already mentioned (i.), the action of which may now be 
more fully explained. When an electrified body is presented to 
such a ball suspended by a silken thread, it acts by induction upon 
it, decomposing its natural fluid, attracting the constituent of the 
contrary name to the side of the ball nearest to it, and repelling 
the fluid of the same name to the side most remote from it. The 
body will thus act at once by attraction and repulsion upon the 
two fluids ; but since that of a contrary name which it attracts is 
nearer to it than that of the same name which it repels, and equal 
in quantity, the attraction will prevwl over the repulsion, and the 
ball will move towards the electrified body. When it touches it, 
the fluid of a contrary name, which is difliised round the point of 
contact, combining with the fluid diflused upon the body, will be 
neutralised, and the ball will remain charged with the fluid of the 
same name as that with which the body is electrified, and will con- 
sequently be repelled by it. Hence it will be understood why, 
as already mentioned, the pith ball in its neutral state is first at- 
tracted to an electrified body, and after contact with it repelled 
by it. 

60. Tbe needle electroscope. — The electric needle is an 
electroscopic apparatus, somewhat less simple, but more sensitive 
than the pendulum. It consists of a rod of copper terminated by 
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two metallic balls b and b^, fig, 30., which 
are formed hollow in order to render them 
more light and sensitive. At the middle 
point of the rod which connects them is a 
conical cup, formed of steel or agate, sus- 
pended upon a fine point, so that the needle 
is exactly balanced, and capable of turning 
freely round the point of support in a hori- 
zontal plane, like a magnetic needle. A 
very feeble electrical action exerted upon either of the balls b or b' 
will be sufficient to put the needle in motion. 
61. Covlomb's elaetrosoope. — The electroscope of Coulomb, 

better known as the balance of 
torsion, is an apparatus still more 
sensitive and delicate, for indicat- 
ing the existence and intensity of 
electrical force. A needle gg^^ fig. 
31., formed of gum-lac, is sus- 
pended by a fibre of raw silk. At 
one extremity it carries a small 
disc e, coated with metallic foil, 
and is so balanced at the point of 
suspension, that the needle resting 
horizontally is free to turn in 
either direction round the point of 
suspension. When it turns it pro- 
duces a degree of torsion or twist 
of the fibre which suspends it, the 
reaction of which measures the 
force which turns the needle. Up- 
on the glass cage i3v\ which is cy- 
lindrical, is a graduated circle dd\ 
which measures the angle through which the 
needle is deflected. In the cover of the cage 
an aperture is made, through which may be in- 
troduced the electrified body whose force it is 
desired to indicate and measure by the apparatus. 
62. Qiuulrant electrometer. — This instru- 
ment, which is generally used as an indicator on 
the conductors of electrical machines, consists of 
a pillar A b,^^. 32., of any conducting substance, 
terminated at the lower extremity by a ball b. A 
rod, also a conductor, of about half the length, ter- 
minated by a small pith ball d, plays on a centre 
c in a vertical plane, having behind it an ivory 

2> 
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senucircle graduated. When the ball b is charged with electricity, 

it repels the pith ball d, and the angle of repulsion measured on 

the graduated arc supplies a rough estimate of the intensity of the 

electricity. 

. 63. Ck>ld leaf electroscope. — A glass cylinder abgi>, ^^. 

33., is fixed on a brass stand e, and closed at the top by sl 





Fig. 35. 
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circular plate A b. The brass top g is connected by a metallic rod 
with two slips of gold leaf y^ two or three inches in length, and 
half an inch in breadth. In their natural state they hang in con- 
tact, but when electricity is imparted to the plate g, the leaves 
becoming charged with it indicate its presence, and in some degree 
its intensity, by their divergence. On the sides of the glass 
cylinder opposite the gold leaves are attached strips of tinfoil, 
communicating with the ground. When the leaves diverge so 
much as to touch the sides of the cylinder, they give up their elec- 
tricity to the tinfoil, and are discharged. This instrument may 
abo be affected inductively. If an electrified body b (Jig. 34.), 
be brought near to the knob a, its natural electricity will be de- 
composed ; the fluid of the same name as that with which the body 
is charged will be repelled, will accumulate in the gold leaves ee\ 
and will cause them to diverge. 

64. Tbe condeiisiiiff electroscope is an instrument which has 
the same analogy to the conmion electroscope, as the compound has 
to the simple microscope. An electroscope with such an append- 
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age ia represented in _/^. 35. The condenier is screwed on the 
top, Uie condeDsing pkte commuDicatin); with the electroscope, 
iudthe collecting pUtc being lud over it. When the collecting 
plUe is put into communication with the source of electricitj to 
kam^ned, a chBi|[e is produced by induction in the condens- 
ing plate under it, and a char^ of a contrary 
name is collected in the electroscope, the leaves of 
which will diverge, in this case, with an electricity 
Binular in name to that of the body under exami- 

In the use of instruments of such extreme sen- 
sitiveness, many precautions are necessary to guard 
against disturbwices, which would interfere with 
. tbeir indications, and expose the obserrer to errors. 
The plates of the condenser in some experiments 
fi^, ,j, may he exposed to chemical action, which, as will 

hereafter appear, is always combined with ^e 
deidopment of electridty. In such cases, the condenser of the 




d«tro8cope should be composed of gilt plates. The appara- 
tu is sometimes included in a glass case, to protect it from 
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atmospheric vitnB^tndei ; and to preserve it from hjgroinetric 
effects, a cup of quicklime is placed in the case to absorb the 
htimidit;. 

The instrument snd the manner of experimenting with it is 
represented on a larger scale iD^t. 36. and 37, 

The plates of the condenser attached to electroscopes vary from 
four to ten inches in diameter. When greater dimensions are 
given to them it is difficult to make them with such precision as 
to ensure the exact contact of their surfaces, 

Becquerel used plates of glass twentj inches in diameter, accu- 
rate!]' ground togeUier with emerj, and coated with thin tinfoil. 
This apparatus had great sensibility, but as the metal was verj 
ozidable, the results were disturbed bj chemical effects not easily 
avoided. A coating of platinum or gdd would have been more 
free from disturbing action. 



65. The inductive principle which has supplied the means, in the 
case of the condenser, of detecting and examining quantities of 
electricity so minule aod so feeble as to escape all common tests, 
has placed, in the Lejden jar, an instrument at the disposal of the 
electrician, bj which artificial electricity may be accumulated in 
quantities so unlimited, as to enable him to copy in some of its 
most conspicuous effects the lightning of the clouds. 
To understand the prindple of the Leyden jar, which at one 
time excited the astonishment 
of all Europe, it is only neces- 
sary t« investigate the effect 
of a condenser of considerable 
magnitude placed in connec- 
tion, not with feeble, but with 
energetic sources of electricity, 
such as the prime conductor 
of an electrical macbiue. In 
such case it would be evi- 
dently necessary, that the col- 
lecting and condensing plates 
should be separated by a non- 
Fif.jS. conducting medium, of suffi- 
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cient resistance to prevent the union of the powerful charges, with 
which thej would be invested. 

Letp,^. 38^ represent the collecting plate of such a con- 
denser, connected by a chain /' with the conductor of an electric 
machine ; and let p^ be the condensing plate connected by a chain 
/with the ground. Let ▲ be a plate of glass interposed between 
p and p'. 

Let e express the quantity of electricity with which a superficial unit of 
fhe conductor is charged. It follows that e will also express the/ree elec- 
tricity on every superficial unit of the collecting plate p ; and if the total 
charge on each superficial unit of p, free and dissimulated, be expressed by 
a, we shall, according to what has been already explained, have 



1— ma 



The charge on the superficial unit of the condensing plate p' being ex- 
pressed by i, we shall have 

, mx« 

a'^m^a^ 5» 

1 — m' 

which will be wholly dissimulated. 

If s express the common magnitude of the two plates p' and p, and e 
express the entire quantity of electricity accumulated on p, and s' that 
accumulated on p', we shall have 

sx« 



B»sxa- 



l-m3 



It is evident, therefore, that the quantity of electricity with which the 
plates p and p' will be charged, will be augmented, firstly, with the magni- 
tude (s) of the plates ; secondly, with the intensity (e) of the electricity 
produced by the machine upon the conductor ; and thirdly, with the thin- 
ness of the glass plate a which separates the plates p' and p. The thinner 
this plate is, the more nearly equal to 1 will be the number m, and conse- 
quently the less wrill be 1— m', and the greater the quantity e. 

When the machine has been worked until e ceases to increase, the charge 
of the plates will have attained its maximum. Let the chains / and /' 
be then removed, so that the plates p and p' shall be insulated, being 
charged with the quantities of electricity of contrary names expressed by 
EaudE'. 

If a metallic wire, or any other conductor, be now placed so as to con- 
nect the plate p with the plate p', the free electricity on the former passing 
along the conductor will flow to the plate p' where it will combine with or 
neutralise a part of the dissimulated fluid. This last, being thus diminished 
in quantity, will retain by its attraction a less quantity of the fluid on p' a 
corresponding quantity of which will be liberated, and will therefore pass 
along the wire to the plate p', where it will neutralise another portion of the 
dissimulated fluid ; and this process of reciprocal neutralisation, liberation, 
and conduction will go on until the entire charge e' upon the plate p' has 
been neutralised by a corresponding part of the fluid b originally difihsed on 
the plate p. 

1>3 
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m strict])' progretuiiTe, tbey m practically in- 
t of fiee electricity fiowa ihrongb the wire. nentrK- 
livefl the charge b'^ and libenitea all the disaimulated part of B in an intOTTal 
•oihoct u to be quite inttppredable. la nhateTsr poiDt of view the pawa- 
oT nmdiictioD may be regarded, a suiiden and violent change in the eleetikat 
condition of the wire mast attend the phenomenon. If the wire be r^arded 
meretyae a channel of commanication, a sort of pips or conduit thnn^ 
which the electric fluid pauea from f to r', u some consider it, so largv an 
alQux of electricity may be expected to be attended with »me violent 
etlbeta. If, on the other hand, the oppo«ita fluids are rednced to tJhdr na- 
tural stale, by decomposing ancceMively the natural electricity of the parts 
of the wire, and taking from the elemenla of the decomposed fluid the elac- 
triditiee neceaaaiy to satisfy their respective attractions, a still more power- 
fbl effect may be anticipated from so great and sudden a change. 

It appears, from what has been Btated, that all the negative 
electricitj collected upon the plat« v' is dissimulated bj the attrac- 
tion of the greater portion of positive fluid collected upon p; and 
that, on the other hand, the negative electricity on y', disaimu- 
latbg an equal quantity of the positive fluid on p, leaves the ex- 
cess free ; and this excess acting upon the electric pendulum, 
repels the ball from p. Uut if the apparatus be so arranged, a* 




shown in ^. 39., that the two plates may be withdrawn from 
each other, and from the intermediate plate a, the chief part or 
the whole of the fluids upon p and t" may he rendered free. 
For this purpose, after the plates have heen charged in the manner 
described above, let the wire y, connecting F with the electrical 
machine, and the wire/, connecting p' with the ground, be both 
detached from the pillars, so as to leave the plates p and p' at cnce 
insulated and charged. This being done, if the plates be removed 
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from A, as shown in jig, 39., the electric pendulum on y\ as well 
as that on p, will be immediatelj repelled, showing that the nega- 
tive fluid on p^, or part of it, is rendered free by the removal 
of the plate p. 

The plates, p and p', being charged in the manner described, 
and the wires f and f being detached, so as to leave them thus 
charged upon the insulating pillars, they may be discharged either 
bj slow degrees or instantaneously. 

To discharge them by slow degrees, let a metallic knob, which is 
in connection with the ground, be applied to p, and it will draw ofi 
irom it all the positive fluid which is not dissimulated by the 
negative fluid on p'. But the plate p being at some distance, how- 
ever small) from the plate p^ can only dissimulate upon p^ a portion 
of fluid somewhat less than its own quantity. 

It will, therefore, follow, that after the knob has been applied 
to p, the quantity of negative fluid on p^ will exceed the quantity 
of positive fluid on p, and, consequently, a certain portion of the 
n^ative fluid on p' will be free ; and this will be, accordingly, 
rendered manifest by the repulsion of the electrical pendulum on p'. 
Meanwhile all the positive electricity on p being dissimulated, the 
pendulum on p will not be repelled. 

It appears, therefore, that the relative electrical conditions of 
the two plates p and p^ have been interchanged, p^ being now that 
which repels the pendulum by its surplus free electricity, while p 
does not afiect it. 

If the conducting knob connected with the ground be now ap- 
plied to p', it will draw off the free electricity, and the pendulum 
on p' will be no longer repelled. It will at the same time liberate 
& portion of the electricity on P, which will be indicated by the 
repulsion of the pendulum. 

The same process may then be repeated upon p, and so on 
^temately until all the electricity upon the two plates has been 
drained off, as it were, drop by drop. 

To discharge the plates instantaneously, it is only necessary to 
connect them electrically by any conductor, such as a rod or wire 
of nietal placed in contact with each. The effect of such a con- 
dnction will be, to produce in an inappreciable instant of time all 
^ interchanges which have been just described. At first the free 
electricity of p will rush towards P^ and a portion of the dissimu- 
lated fluid on p', being thus liberated, will rush towards p; a further 
portion of the fluid on which being thereby liberated, will rush 
towards p' ; and so on. Although these effects, regarded theoreti- 
cally, must be considered as taking place successively, they will be 
practically instantaneous, the whole interval of their accomplish- 
ment being inappreciable. 

i>4 A 
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66. ^h* tBtmtnMlnc p«ta«ims one of the final and most Bim[de 
form* given to the condenaer. 

Tlili eonBisted of a glaaa plate, Jig. 40,, encloead in a thune, «iid having 
a square leaf of tinlbll atUch«d to each aids of It, the leaf on one ride 
bctog Goiiiiscl«d with Che f^me by a ribbon of fuiL To charge thi^ the 
DpantAT places the aide oa which the fbil is connected with the frame by 
the ribboa downwardi, aud connect* the ribbon with the ground by a chain 
or other condoctor. He then connects the upper leaf of fcul v with the primf 
ceodnctOT of the machine by means of a jointed discharger c, aa shown in 
the figure. The machine being worked, the upper leaf heconua chatted 
with positive electricitj, which, acting upon the natural electricities of the 
lower leaf, decompoees them, and produces the aame effects as have been 
described in the case of the apparatus ^. 39.; and the two leaves of tinfinl 
will become charged with opposite eleclridliet, as in the former case, and 
may be discharged either gradually or inslantaneously, in the manner already 
' described. 




Fl£.«5. 

The clau of phenomena evolved bj these expedients ha« been 
attended with some of the most remarkable effects presented in 
the whole domain of physical research. If tvro such conductors 
aa the plates of tinfoil attached to the fulminating pane, being 
strongly charged in the manner just described, be put in coinmu< 
nication by the human body, which may be done by touching one 
plate with the fingers of one hand, and the other with the fingers 
of the other, the two electric fluids, in rushing towards each other, 
pass through the body, producing the phenomenon now rendered 
so familiar, called tbe eledrie thock, and which, though so little 
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regtrded at preteot, produoed, when first experienced, the most 
atnordinarj impreifioni. 

Like manj other important fcientific factf, the difcorery of the 

electric shock, and oi the apparatoi bj which it b most commonlj 

prodnoed, was the result of accident. In 1 746 the celebrated 

Mnsiehenbroeck, having fixed a metallic rod in the cork of a 

bottle filled with water, he presented it to the electrical machine 

for the purpose of electrifying the water, holding at the same time 

the hotde in hb hand by its external sunGure, without touching the 

mettllic rod bj which the electricity was conducted to the water. 

Bf thb accidental circumstance a real condenser was formed, of 

wkieh the experimenter was totally unconscious, and the principle 

of which was then wholly unknown. The water in contact with 

the btemal surface of the bottle, and receiving the electricity by 

the metallic rod from the machine, corresponded to the plate p 

(^.38.), and the metallic rod to the conducting wire/'. The 

hiod of the operator applied to the external surface of the bottle 

corresponded to the plate r^, and the body of the operator conunu- 

Biciting with the ground corresponded to the wire /. In the 

Mme manner exactly, therefore, as in the case of the apparatus 

ibown in^. 39., the inside of the bottle acquired a strong charge 

of positive, and the outside an almost equally strong charge of 

negative, electricity. The operator, then ignorant of the elTects, 

withdrawing the bottle from the machine, and desiring to remove 

from the month of it the wire by which it was charged, applied hb 

left hand to the latter for that purpose, still holding the bottle by its 

exterior surface in lib right hand. lib arms and body, therefore, 

becoming a conductor between the interior and exterior surfaces 

of the bottle, the electric fluids, in reuniting, passed through him, 

ud inflicted, for the first time, the nervous commotion now known 

u the electric shock. Nothing could exceed the astonishment and 

cooftemation of the operator at this unexpected sensation, and in 

<lefcribing it in a letter addressed immedbtely afterwards to 

Heaomur, he declared that for the whole kingdom of France he 

would not repeat the experiment. 

The experiment, however, w^soon repeated in diflTerent parts 
<>f Europe, and the apparatus by which it was produced received a 
0)ore convenient form, the water being replaced by tinfoil attached 
|o the interior of the jar, which received the name of the Leyden 
jtf) or Leyden phial, the city of Leyden being the place where its 
remarkable effects were first exhibited. 

67. ma Iiejdaii jar. — In experimental researches, therefore, 
the form which is commonly given to the apparatus, with a view 
to develop the above effects, b that of a cylinder or jar, ▲ b 
C%. 41.), having a wide mouth and a flat bottom 



XLKTSKTTT. 




«f At bcuDk 







nuchbie i *bile the htH d, which nHnmnnkitH iriih th« inatr Ruttng, ii 
oooiwctid bf 4iKither duis to the gromid. In ihit tMC ibt elcciridlv will 
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if Urn inductive actioa of the ti 
(jice u b«(bre. 

If, iftertbejar ia thiuchtigcd,the<»nimanicatIon bettmn the ouler coat- 
hg ind the conductor b< ramoTod, and ■ metallic cammnnicslion be made 
belweeu the Inaer and outer anting, the electricitiea will, at before, nuh 
Uwuda etch other and combine, and the jar will be restored to its natural 

To charge thg jar Internally, it will be >ufflcient to hold it with the huid 
ia eootact with the aztenul coating, fig. 41., presenting the bill c to the 
tondiKlor of (he machine. The electricity will Sow from the condaclor to 
iht loner coating, and (he external coating will act indncllvel;, being con- 
DKtad through the hand and bwlf of the operator with the earth. 

Like the apparatai ahown in fig, ]8., the Leyden jar may be diachargeit 
•ilhergradaallyor inalantaDeously. Todischarge it Inatancaneonst}'. without 
tDlbiJDg the electric ahock, let the jar a, fig. 43., be pUcnl with Its ex.- 




ImulcaaUng In co 

ugHiekiiobo'afaJointeddlschBrg ' h s m ' g nng'the 

HhercneartotbeknobHof the Jar d h sa m e, he two 

Boidi nubing towards each other, g h arm h d sch g r, will 

'nnile, and the jar will be discharged. 

JUb pinceM of alow discharge may ha eicecuted in the following manner. 

"» rod which enters the jar haa atl«b«d lo the lop of it a email bell, 1, 

^^'44) placad near the bottle, upon a convenient stand, ia a metallic rod. 

r, upporting a limilir bell, r, level with i ; and an electric pendulum, con- 

'^"t of * amall copper baill, suspended by a ailken thread, hangs betneen 
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pdled by tha one ud 
tha other. SoppoalDg tho 
ju to be charged, ad 
ito external coating con- 
nected with F b; 1 cot- 
doctor (, and the ttanl 
to be inaolated, tlie in 
part of t]» poalire eto- 
triclty on the bterim 
oftheJarwillattncltlN 
copper ball, which will 
■trike thebellij andbt- 
coming tharged with po- 
■itive electricity, vlUlM 
repelled bj i, and il- 
tracled by k; it will, 
therefbre, Hrilu agiinat 
B, and wlU impart toH 
the paailiT8 electridly, 
and recoTS from it i 
charge of negative elao- 
tricityT proceeding frcan 
tha outiide * 



the jar 



oaghtli 



copper ball bedng 

Fig. 44. _ QegBtiTCly electrified, 

will then be repelled by 

B. and attracted by I, against which it will gtrikc^ and will convey (o the 

interior of the jar the negative Suid which it carries, receiving In exchange 

an equal charge of tlie positive fluid. 

In this way the pendulam will oscillate between the two belle, conveying 
ancceswve portions of positive electricity from the interior to the exterior, and 
of negative electricity from the exterior to the interior. 

MKUet of tlia metallfo ooatlDK>- -— The metallic coatings 
of the jar have do other effect than to conduct the electricitj to 
the surface of the gla^s, and when there to afford it b free pouage 
from point to point. Ajij other conductor would, abstractedly 
considered, serve the same purpose ; and metallic foil is selected 
only for the facility and convenience with which it may be adapted 
to the form of the glass, and permanently attached to it. "nutt 
like efiects would attend the use of any other conductor msj be 
easily shown. 

68. Mxperlmental proof Uuit tliB obarce afllwre a t» tlw 
itaas, nna not to tlie costbic. — The electricity with which the 
jar is charged in this case resides, therefore, on the glass, or on 
the conductor by which it passes to the glass, or is shared by 
these. 
To detennine where it reudea, it is only neoeasary to provide 
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meaiu of Kparating tlie jar from die coating aflei* it has been 
charged, and ezaminiog the electrical state of the one and the 
other. For this purpose let a glasa jar b, fg. 4.;., be provided, 
luring a loose cylinder of metal c fitted to ita interior, which can 
be placed in it or withdrawn &om it at pleasure, and a similar 
looM cylinder a fitted to ila exterior. The jar being placed in the 
«ilemal cjlinder a, and the internal cylinder c being inserted la 
it, H shown at d, let it be charged with electricity by the machine 
m the manner already described. Let the int^nal cjlinder be 




Fig. 45. 

then remoTed, and let the jar be ruaed out of the external cy- 

Under. The two cylinders, being then tested by an electroscopio 

apparatus, will be found to be in their natural 

state. But if an electroscope be brought within 

the influence of the internal or external snrTace 

of the glass jar, it will betray the presence of the 

one or the other species of electricity. If the glass 

jar be then inserted in another metallic cylinder 

I made to fit it externally, and a similar metallic 

I cylinder made to fit it internally be inserted in it, 

it will be found to be charged as if no change 

had taken place. On connecting by metallic 

communication the interior with the exterior, the 

opposite electricities will rush towards each other 

and combine. It is evident, therefore, that the 

seat of the electricity, when a jar is charged, is 

t the metallic coating, but the surface of tJie 

us under it. 

69. Zmprarad fiarm of tli* KerilM) Jar. — 
An improved form of the Leyden jar is repre- 
sented in fg. 46. Besides the provisions which 
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iarte be^ ilread* cxpbmieil. dere is irf fail to ^s 
MIoi* bnn enp c tegwcri mto ft ^»» tabc Tloi 
panel thronzih tke wooden &c wUck ibnna (ke oae of d 
~ ~. It r fW-t to the bo«ni»iif the jg-. A 
a B fixBuil becwem c inl the inseml voatof hjt 
imdne in the knob dl Thtsatic.paaBiig'knwlf d 



af t imia g of the tnmmuo^icn betwe en the enp ftad dhe 
rior tamaa^. TVa wire does ■« excend qahe to Ae boti 
the jar. bat de lower pan of tte tube b coated wTth I 
wUefa is in contact with the wire^ ami extends u the inner e 
of Aejar. 

At the botton of the jar a book b proTiied. br wUcb a 
maj be suspended lo u la tbra a conunniuntiua betweoi tl 
tental mating and other bodies. Wbeo a jar of this kind t 
ch arged, tlie wire naf be rentoTed or aUoiml (o &II out 1 
reruig the jar, in which caae the jar will tenain darned, hj 
iinnMailii tliia> exirti between ils int^^ial and external coi 
md aa Ae internal eoaai^ is protected fioa the nmtaet i 
exIcnuJ air, the alnwptjua oTikUiieilj in this cMe b jHen 
An dectrie Aarft naj thos be tnnsfened ban place to 
and preacrred for anj lei^th rrf" time. 

In the coDstmction <rf' cylindrical jan it is not ahnja possi 
obtun gla» ofaiiifonn thickness, for which reason jars are 
timea prorided irf'a spherical form. 

r.— JV- 47- ««» 
a beat glass Tod,ABC,i 
end, c, tit which a soc 
placed, bj which it m 
attached to a conduct 
to the rod ot a Lejilei 
aa shown in the fi^re 
the other eod is attac 
shoncrlindricalrodA. p 
bjr a hole, thioogb wl 
ttfvss rod i>B slides, 1 
balls Dand B at its extrei 
When the iDstraitient la 
one of the balls, i> li 
ample, ia pat in commi 
tioQ with the ground, o 
the external coaling i 
jar. He rod s s is thi 
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ball of the jar that a spark passes between them, and the jar is 
discharged. The force of the charge is estimated by the distance 
between the balls at which the spark passes. 

The indications of this instrument are modified bj so many 
causes, that as a measure of the electric force of the charge it has 
but little value. The distance through which the spark will be 
projected will vary with the hygrometric state of the air, with its 
temperature, and probably with other physical conditions. It will 
also vary with the magnitude and form of the conductor, or the 
knob of the jar to which it is presented. 

71. Ciitli1»ertson's dlsoliaiviiiff electrometer. — Fig, 48. con- 
asts of two glass pillars supported on a wooden table ; upon these 




Fig. 48. 

are fixed two brass balls b and e. Through the ball b an opening 
is cut, in which the lever cd' terminated in brass balls is inserted, 
and in which it is balanced on a knife edge. A small sliding 
weight L is placed on the arm bd', by the adjustment of which 
anj desired preponderance can be given to the opposite arm cd, 
which is the heavier when bd' is unloaded. The arm bd' is gra- 
duated to indicate the number of grains weight at the centre of 
the ball d^, which would be in exact equilibrium with the pre- 
ponderance which c has in each position of l. Another arm bd, 
fixed to the ball b, is terminated in a ball d, which is in contact 
withn', when the lever cd^ is horizontal. By the chain g the 
balls c, D, and 1/ can be put in communication with the internal 
coating of the jar, the free electricity of which will therefore 
charge the balls p and d^, and the ball e is put in communication 
with the external coating by the chain r, the electricity of which, 
being dissimulated, will not afiect the ball e. The balls d and d', 
being similarly electrified, will repel each other, and as soon as 
the charge of the jar is so great that the repulsive force given to 
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die ballf o uid n' is Bufficient to orercome the prepondennce ol 
fbe ball c, tbe ball n' will be repelled by d ; and when die ibrmer 
comes into contact with b, the jar will be diBchnrged. 

Another form of this inBtrument, with a quadrant electrometer 
attached, in shown in,^. 49., tbe correBponding parts being iodi- 




FlK. *!>. Fig, JO. 

cated bj the same letters. In this case D and s', receiTiog deo* 
tricitj from the inner coating, repel each other. The knife tAgi 
18 within B, and the Tepulsion depresses c until it touches a, when 
the discharge is effected. 

71. Barrla'a oItcdikt eUotromater. — F^. 50. is an initm- 
meat which ie often substituted with advantage for the quadnot 
It depends on die same principle, but is more ' ' ' 



—In chsrgtDg* 

MDgle jar, an unlimited number of jars, connected together bf 
oondttctore, bmj be charged with verji near!; the same quant^ 
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etrioilT. For tlua purpcwe let the series of jan be pUced od 
itmg Btoc^ M lepreaented in ^. ;i. ud let c be metaUio 




I connecting die external coating of each JM with the in- 

I coating of the aucceeding one. Let d b« a chain connecting 
■itjarwiththe conductor of tlie machine, and n' another chain 
wting the last jar with the ground. The electricity con- 
l (o die inner coatiog of the firat jar A acts by induction on 
ttemal coating of the first jar, attracting the negative elec- 
f to the surface, and repelling the positive electricitj' through 
lun c to the inner coating of the second jar. This charge of 
ve electricity in the second jar acts in like manner indue- 
on the external coating of this jar, attracting the negative 
id^ there, and repelling the positive electricity through the 
c to the internal coating of the third jar ; and in the same 
er the internal coating of every succeeding jar in the series 
e charged with positive electricity, and its internal coating 
n^^ve electricity. If, while the series is insulated, a dis- 
er be made to connect the inner coating of the first with the 
coating of the last jar, the opposite electricities will rush 
da each other, and the series of jars will be restored to their 
ilitate. 
■I«etri« lattoiT- —When several jars are thus combined 
«m ft more energetic discharge than could be formed by a 
I jar, tiie system is called an electric battery, and the method 
uging it, explained above, is called charging by cascade. 
at the jars have been thus chained, the chains connecdng 
ater coating of each jar with the inner coating of the sue 
ig one are removed, and the knobs are all connected one 
another by chains or metallic rods, so as to place all the in- 
1 coatings in electric connecdoD, and the outer coatings are 
irly connected. By this expedient the system of jars is ren- 
. equivalent to a single jar, the magnitude of whose coated 
» would be equal to the sum of all the surfaces of the series 
■s. The battery would then be discharged, by placing a con- 
r between the outer coating of any of the jars and one of the 
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If B ezpreu die total magnitude of the coatmg of the seriea of 
jars, the total charge of the batterj will be expressed approsi- 
■uatelj bj 

"~l-m»' 
75. Common eleetrlo liattoTT. — It ia not always conrenient 
howerer, to practise tliia method. The jara composing the battery 
are commoalj placed in a box, as represented in ^. ;2., coated 
oil the inside with tinibil, bo 
as to form a metallic commu- 
nication between the extemil 
coating of all the jars. The 
knobs, which communicate 
with their internal coating, 
are connected by a series of 
metallic rods in the manner 
Fig. ]i. represented in the figure ; so 

that there is a continuous me- 
tallic communication between all the internal coatinjp. If the 





metaUio rods which thus communicate with the inner coating be 
plscedin communication with the conductor of a machine, whils 
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Ife box contuniug the jw* is placed in metallic communication 
•iCh the earth, the battery will be charged according to the 
irinciples slreadf explained in the case of a lingle jar, and the 
fene of its charge will be equal to the force of the charge of a 
mgle jar, the magnitude of whose external and internal coating, 
vould be equal to the sum of the internal and external coating of 
ill the jars composing the battery. 

The manner in which a batterj is charged by connectinfc it with 
■ conductor of an electric machine, ia shown in j^. 5]., an elec- 
trometer being usually fixed on one of the pivots to indicate the 
Krength of the charge. 

iHie method of discharging the battery and transmitting its 
dup through an object sulnnitted to experiment, is shown in 
j^< 54. The object under experiment is placed on a convenient 




■Uod between the knobs of two insulated conductors, one of which 
mnmanicates with the outside coating of one of the jars. The 
olliet is pat in communication with the inside coating of a jar, by 
■Uiiu of a jointed discharger. 

76. To ■■lliiian tbs sBioDnt of tbe elurfa of ajar or hat- 
1^7, it is to be conudered that the internal coating is, in effect, a 
tostiniiation of the conductor ; and if the jars hod no external 
"Wiiig, the commnnicstion of the internal coating with the con- 
ihctorwould be attended with no other effect, than the distribution 
if tile electricity over the conductor and the internal cuatiog, 
ucotding to the laws of electrical equilibrium ; but the effect of 
'^ external coating is to dissimulate or render latent the elcctri- 
titir u it flows Irom the conductor, so that the repulsion of the 
[wt of it which remuns free is less than the expansive force of the 
electricity of the conductor, and a stream of the fluid continues 
lo flow accordingly from the conductor to the internal coating;. 
1"^ this process continue* untJl the increasing force of the free 
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elec tricity <m the internal coating of the jars becomes so gre 
that the force of the fluid on the conductor can no longer oy* 
come it, and thus the flow of electricity to the jars firom the c( 
ductor will cease. 

It follows, therefore, that dmiog the process of chaigmg the jais, 
depth or tensioii of the electricity on the conductor, is just so much grea 
thsn that of the free electricity on the interior of the jars, as is sufficient 
sustain the flow ni electricity from the one to the other; and as this 
necessarily so extremely minnte an excess as to be insensible to any mess 
which coold be applied to it, it may be assumed that the depth of electric 
on the conductor is always equal to that of the free electrici^ <m the : 
terior of the jars. If e therefore express the actual depth of the elect 
fluid at any time on the interior coating (1— fliS)xe will express the dei 
of the free electridtj ; and since, throughout the process, m does not chao 
its value, it foUows that the actual depth of electricity, and therefore t 
actual magnitude of the charge, is proportionate to the depth of free eli 
triclty on the interior of the jar, which is sensibly the same as the depth 
free electricity on the conductor. It follows, therefore, that the magnitc 
of the chaige, whether of a single jar or several, will always be proportion 
to the depth of electridQr on the conductor of the machine fit>m which t 
chaige is derived. If, therefore, during the process of charging a jar 
battery, an electrometer be attached to the conductor, this instmment n 
at first give indications of a ver^' feeble electricity, the chief part of the fli 
evolved being dissimulated on the inside of the jars ; but as the charge J 
creases, the indications of an increased depth of fluid on the conduct 
become apparent ; and at length, when no more fluid can pass from the oo 
ductor to the jars, the electrometer becomes stationary, and the fluid evol^ 
by the machine escapes frxun the points or into the circumjacent air. 

The quadrant electrometer, described in (62.), is the indicat 
commonly used for this purpose, and is inserted in a hole on i 
conductor. When the pith ball attains its maximum elevation, t 
charge of the jars may be considered as complete. The char; 
which a jar is capable of receiving, besides being limited by t 
strength of the glass to resist the mutual attraction of the opposi 
fluids, and the imperfect insulating force of that part of the j 
which is not coated, is also limited by the imperfect insulafdi 
force of the air itself. If other causes, therefore, allowed 1 
unlimited flow of electricity to the jar, its discharge would 
length take place, by the elasticity of the free electricity within 
surmounting the confining pressure of the air, and accordingly ti 
flui4 of the interior would pass over the mouth of the jar, ai 
unite with the opposite fluid of the exterior surface. 
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CHAP. VHL 

LAWS OF SUtCTRICAL FOBCBS. 

11, Beetrle ftorees liiTestirat«d by Coulomb. — It is not 

enojugh to ascertain the principles which govern the decomposition 
of the natural electricity of bodies, and the reciprocal attraction 
and repulsion of the constituent fluids. It is also necessary to 
determine the actual amount of force exerted by each fluid in 
repelling fluid of the like or attracting fluid of the opposite kind, 
and how the intensity of this attraction is varied, by varying the 
distance between the bodies which are invested by the attracting 
or repelling fluids. 

By a series of experimental researches, which rendered his name 
for ever memorable. Coulomb solved this difficult and delicate pro- 
blem, measuring with admirable adroitness and precision these 
minute forces, by means of his electroscope or balance of torsion, 
already described (61.). 

78. Vroof-pUu&e. — The electricity of which the force was to 
be estimated was taken up from the surface of the electrified body 
upon a small circular disc c^ Jig, 55., coated with me- 
^^^ tallic foil, and attached to the extremity of a delicate rod 
fp or handle, a b, of gum-lac. This disc, called a proof-plane^ 
was presented to the ball suspended in the electrometer of 
torsion (6 1 .), and the intensity of its attraction or repul- 
sion was measured, by the number of degrees through 
which the suspending fibre or wire was twisted by it. 

The extreme degree of sensibility of this apparatus may 
be conceived, when it is stated that a force equal to the 
^^S5' 34^^ P^^ ^^ ^ grain was sufficient to turn it through 
360 degrees ; and since the reaction of torsion is propor- 
tional to the angle of torsion, the force necessary to make the 
i^^e move through one degree would be only the 1 22400th part 
of a grain. Thus this balance was capable of dividing a force 
^oal to a single grain weight into 1 22400 parts, and rendering 
^6 effect of each part distinctly observable and measurable. 

79' 3baw of eleotrioal force similar to that of rravltatlon. 
^By these researches it was established that the attraction and 
repulsion of the electric fluids, like the force of gravitation, and 
pther physical influences which radiate from a centre, vary accord- 
^g to the common law of the inverse square of the distance ; that is 
^ say, the attraction or repulsion exerted by a body charged with 
electricity, or, to speak more correctly, by the- electricity with 
^Mch such a body is charged, increases in the same proportion as 

B3 
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the square of the distance from the body on which it acts is dimi 

nished, and diminishes as the square of that distance is increased 

In general, if/ express the force exerted by any quantity o 

f 

electric fluid, positive or negative, at the unit of distance, -~ wil 

express the force which the same quantity of the same fluid wi] 

exert at the distance d. 

< In like manner, if the quantity of fluid, taken as the unit, exercis 

f 
at the distance d the force expressed by -~, the quantity expresses 

by E, will exert at the same distance d the force f expressed by 

/XB 



These formulae have been tested by numerous experiments made 
under every possible variety of conditions, and have been found to 
represent the phenomena with the greatest precision. 

80. Tbe distribution of tl&e eleotrio flnid on oonduotom can 
be deduced as a mathematical consequence of the laws of attraction 
and repulsion, which have been explained above, combined with 
the property in virtue of which conductors give free play to these 
forces. The conclusions thus deduced may further be verified bj 
the proof -plane and electrometer of torsion, by means of which the 
fluid diffused upon a conductor may be gauged^ so that its deptl 
or intensity at every point may be exactly ascertained ; and such 




Fig. 56. 

depths and intensities have accordingly been found to accord per* 

fectly with the results of theory. 

' 8ii Xt im confined to their surflaoes. — If an electrified con- 
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dnctor be pierced with holes, a little greater than the proof-plane, 
{fig. 56.) to different depths, that plane, inserted so as to touch 
the bottom of these holes, will take up no electricity. 

If a spheroidal metallic body 
A (^Jig, 57.)» suspended by a silken 
thread, be electrified, and two 
thin hollow caps, b b and b' b', 
made to fit it, coated on their 
inside surface with metallic foil, 
and haying insulating handles 
c c' of gum-lac, be applied to it, 
on withdrawing them the sphe- 
roid will be deprived of its elec- 
Fig. 57. tricity, the fluid being taken off 

by the caps. 
The same experiment may be performed conveniently by the 
apparatus shown in Jig, 58., consisting of a metallic spheroid sup- 





Fig. 58. 

ported on an insulating pillar, and two hollow hemispheroids of 
<^n*e8ponding magnitude, with insulating handles. 

S2. The obarye of eleotrieity upon a conductor being therefore 
''iperficial, it follows that its depth or intensity, other things being 
"^e same, will be less in proportion as the total surface of the con- 
"ttctor is greater. This may be very elegantly illustrated by 
Dieans of a band of metallic foil wound round an insulated cylin- 
^%fig. 59. A quadrant electrometer is mounted on the end of 
w»e insulated cylinder to indicate the varying intensity. The 
"Wid of foil being completely rolled up, let the conductor be 
"ti^ngly charged by means of a machine. The electrometer will 
tnen show a strong charge, the ball being thrown up to 50° or 60°. 

£4. 



and less ingle ; and if the band be ■gain oniled up, the ball wi 
be ag^ repelled, showing that the intemil/ of the elecuicit 
increases at the sar&ce is diminiibed, and met terta. 

8]. Faraaar*a Bppanrtaa (_fiff. 6a) also iUustrates the mpe 
ficial distribution of electricitj in a striking manner. A conta 
muslin bag, like a butterfly net, is attached to an insolaled tin 
of metallic wire. If it be electrified, itwill be fonod that the elel 
tricitj will be confined to its exterior surface. This maj be ai 
certained bj the proof-pUne. Bj means of two insulated SO 
threads fixed to the apex of the cone, one within and the otbc 
without, as shown in the figure, the bag majt be turned inade on 
so that the exterior surface shall become the interior, and vw 
Berid. The electricitj will alwajs pass to the exterior sorfto 
the interior being &ee from it. 

The same principle was illustrated hj Faradaj in several odw 
ways. A cjlinder of metallic gauze, or a trellis of iron wire, tl 
niMbea of which were not very cloee, was placed npoo a horn 
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Yontal metal disc, resting on an insulated support. Electricity was 
then communicated to its inner surface; but on applying the 




Fig. 60. 

proof-plane it was found that the exterior surface alone was elec- 
trified. An animal, such as a mouse, placed in the interior, did 
not suffer any shock even when the entire apparatus was strongly 
electrified, and vivid sparks taken from it. 

A hollow metal cylinder was placed on an insulated metal disc, 
having a diameter a little larger than its own ; being electrified, 
its exterior surface alone gave signs of electricity. It was sur- 
rounded externally with small brass columns, higher than itself, 
resting by their bases on the same metal disc. The electricity 
was immediately distributed upon the exterior surface of these 
small columns. 

Faraday, in his lectures, covers his most sensitive gold leaf 
electroscopes with cotton or linen nets, having loose meshes to 
protect them from the influence of the surrounding electricity. 
Notwithstanding the vicinity of powerful electrical machines in 
action, the sensitive electroscopes thus covered are never aflected 
by electricity, the fluid being exclusively confined to the exterior 
surface of the tissue with which they are enveloped. 

Although it follows, from these and other experimental tests, 
as well as from theory, that the difiusion of electricity on con- 
ductors is nearly superficial, it is not absolutely so. If one end of 
a metallic rod, coated with sealing wax, be presented to any source 
of electricity, the fluid will be received as freely from the other 
end, as if its surface were not coated with a nonconductor. It 
follows from this that the electricity must pass along the rod sufii- 
cientiy within the surface of the metal, which is in contact with the 
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wax, to be out of contact with the wax, which, bj its insulating 
virtue, would arrest the progress of the fluid. 

84. Bow tl&e dlstribntion Taries. — It remains, however, to 
ascertain how the intensity of the fluid, or its depth on diflerent 
parts of a conductor, varies. 

There are some bodies whose form so strongly suggests the 
inevitable uniformity of distribution, as to render demonstration 
needless. In the case of a sphere, the symmetry of form alone 
indicates the necessity of an uniform distribution. If, then, the 
fluid be regarded as having an uniform depth on every part of a 
conducting sphere, exactly as a liquid might be uniformly diflused 
over the surface of the globe, the total quantity of fluid will be 
expressed by multiplying its depth by the superficial area of the 
globe. 

85. Distribution on an ellipsoid. — If the electrified conductor 
be not a globe, but an elliptical spheroid, such as A A^ {fig' 61.), 

the fluid will be found to be accumulated in 

0\ greater quantity at the small ends a and a' 
..' than at the sides b b', where there is less cur- 
' vature. This unequal distribution of the fluid 

Fig. 6i. ^^ presented by the dotted line in the figure. 

It follows from theory, and it is confirmed by 
observation, that the depth of the fluid at a and a! is greater than 

at B b', in the ratio of the longer axis A a' 
of the ellipse to the shorter axis b b^ 
"^^i If, therefore, the ellipsoid be very elon- 
gated, as in fig, 62., the depth of the fluid 
Fig. Gx. at the ends a and a! will be proportionally 

greater. 
K a metallic body formed, as shown in fig. 63-, be supported 
on an insulating pillar, it will be found by the proof-plane that 
the depth of the electricity will gradually increase towards the 
point B, and will decrease towards a. 

86. Xffeots of edires anA points. — If the conductor be a flat 
disc, the depth of the fluid will increase from its centre towards its 
edges. The depth will, however, not vary sensibly near the centre, 
but will augment rapidly in approaching the edge, as represented 
in fig, 64., where a and b are the edges, and c the centre of the 
disc, the depth of the fluid being indicated by the dotted line. 

It is found in general that the depth of the fluid increases in a 
rapid proportion in approaching the edges, comers, and extre- 
mities, whatever be the shape of the conductor. Thus, when a 
circular disc or rectangular plate has any considerable magnitude, 
the depth of the electricity is sensibly uniform at all parts not 
contiguous to the borders; and whatever be the form, whether 
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round or square, if only it be terminated by sharp angular edges, 
the depth will increase rapidly in approaching them. 
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If a conductor be terminated, not by sharp angular edges, but 
^7 rounded sides or ends, then the distribution will become more 
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Fig. 64. 

^ornu Thus, if a cylindrical conductor of considerable dia- 
n^ter have hemispherical ends, the distribution of the electricity 
^pon it will be nearly uniform ; but if its ends be flat, with sharp 
*&gular edges, then an accumulation of the fluid will be produced 
contiguous to them. If the sides of a flat plate of sufficient 
thickness be rounded, the accumulation of fluid at the edges will 
be diminished. 

The depth of the fluid is still more augmented at comers where 
the increases of depth, due to two or more edges, meet and are 
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combined; and this effect is pushed to its extreme limit if any 
part of a conductor have the form of a point. 

The pressure of the surrounding air being the chief, if not the 
only force which retains the electric fluid on a conductor, it is 
evident that if at the edges, corners, or angular points, the depth 
be so much increased that the elasticity of the fluid exceeds the 
restraining pressure of the atmosphere, the electricity must escape, 
and in that case will issue from the edge, corner, or point, exactly 
as a liquid under strong pressure would issue from a jet deau, 

87. IHstribation of electric flnid ▼aried by indnctlon. — If 
a cylindrical conductor with rounded ends be presented to an 
electrified sphere (J^. 65.), its natural electricity will be decom- 
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Fig. 65. 

posed by induction, the fluid of the same name being repelled, 
and that of the contrary name attracted, by the sphere, as may be 
indicated by electric pendulums. 

88. Sxperimental illnstration of tbe effect of a point. — 
Let p. Jig, 66., be a metallic point attached to a conductor c, and 
let the perpendicular n express the thickness or density of the 
electric fluid at that place; this thickness will increase in ap- 
proaching the point p, so as to be represented by perpendicuUurs 
drawn from the respective points of the curve n, n\ n'^ to a p, so 
that its density at p will be expressed by the perpendicular W p. 

Experience shows that, in ordinary states of the atmosphere, a very mo- 
derate charge of electricity given to the conductor c, will produce such a 
density of the electric flnid at the point p, as to overcome the pressure of the 
atmosphere, and to cause the spontaneous discharge of the electricity. 
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The following experimfloU will serve to illtutrate this escape of electricity 
from points. 

Let a metallic point, such as a p, >2^. 66., be attached to a conductor, and 
let a metallic ball of two or three inches in diameter, having a hole in it 




Fig. 66. 




Flir. 67. 

corresponding to the point p, be stnck npon the point If the conductor be 
now electrified, the electricity will be diffused over it, and over the ball 
which has been stuck upon the point p. The electric state of the conductor 
may be shown by a quadrant electrometer being attached to it (Jig. 67.). 
Let the ball now be drayrn off the point p by a silk thread attached to it for 
the parpose, and let it be held suspended by that thread. The electricity of 
the conductor o will now escape by the point p, as will be mdicated by the 
electrometer, but the ball suspended by the silk thread will be electrified as 
before. 

89. BotatlOB prodnoed by tbe reaction of points. — Let 




Fig. 61. 




Fig. 69. 



^^ wires, a b and c d, Jig. 68., placed at right angles, be sup- 
P^fted by a cap s upon a Bne point at the top of aa \iift\>l».lvQ% 
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stand, and let them communicate by a chain f with a coBductor 
kept constantly electrified by a machine. Let each of the four 
arms of the wires be terminated by a point in a horizontal direc- 
tion, at right angles to the wire, each point being turned in the 
same direction, as represented in the figure. When the electricity 
comes from the conductor to the wires, it will escape from the 
wires at these four points respectively ; and the force with which 
it leaves them will be attended with a proportionate recoil, which 
will cause the wire to spin rapidly on the centre e. 

Other expedients for varying this experiment are shown m^s* 
69, 70,71. 

In^. 69. the rod supporting the points is inserted in the prime 
conductor of the electrical machine. 

In^. 70. this rod supports two sets (a and b) of points turned 
in contrary ways, which will, therefore, revolve in contrary direc- 
tions if both are free and independent ; but if they are connected 
they will counteract each other and remain at rest. 

In Jig, 7 1 . a silk thread sustains a small ball of metal, which 
strikes a series of bells as it revolves. 





Fig. jOj. 



Fig. 71. 



90. Another experimental illiuitration of tbis principle 

is represented in Jig. 72. A square wooden stand t has four rods 

of glass inserted in its corners, the 
rods at one end being less in height 
than those at the other. The tops 
A of these rods having metal wires ab 
and c D stretched between them, 
.,_^. across these wires another wire bf 
~A) is placed, having attached to it afe^ 
^y right angles another wire o h, hav- 
F,g.^. iijg two points turned in opposite 

directions at its extremities, so that 
when GH is horizontal these two points shall be vertical, one 
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being presented upwardi, and the other downwards. A chain 
from A communicates with a conductor kept constantly electrified 
by a machine. 

The electricity coming from the conductor by the chain, passes 
along the system of wires, and escapes at the points o and h. The 
consequent recoil causes the wire o h to revolve round b 7 as an 
axis, and thereby causes s f to roll up the inclined plane. 

91. The eleotrieal orrery is represented in fig, 73. A me- 
tallic ball A rests upon an insulating stand by means of a cap within 
^ ^_^^ it, placed upon a fine metallic point 

\— r\ g ( J forming the top of the stand. 

^^^ From the ball a an arm da pro- 

^7 ceeds, the extremity of which is 

turned up at e, and formed into a 
fine point. 

A small ball b rests by means of a 
cap on this point, and attached to it 
are two arms extending in opposite 
directions, one terminated with a 
small ball c, and the other by a point 
'*^'* p presented in the horizontal direc- 

tion at right angles to the arm. Another point p^ attached at 
^ght angles to the arm d a, is likewise presented in the horizontal 
direction. By this arrangement the ball a, together with the arm 
^A, is capable of revolving round the insulating stand, by which 
iQotion the ball b will be carried in a circle round the ball a. 
-I^e ball B is also capable -at the same time of revolving on the 
point which supports it, by which motion the ball c will revolve 
^ond the ball b in a circle. If electricity be supplied by the 
cliain to the apparatus, the balls a and b and the metallic rods 
^ be electrified, and the electricity will escape at the points p 
*Jid p'. The recoil produced by this escape will cause the rod d a 
to revolve round the insulating pillar, and at the same time the 
^od p c together with the ball b to revolve on the extremity of the 
*^ D A. Thus, while the ball b revolves in a circular orbit round 
^ ball A, the ball c revolves in a smaller circle round the ball b, 
tile motion resembling that of the moon and earth with respect to 
^^esun. 

. 92. The eleotrieal blow pipe consists of a metallic point pro- 
jecting from the conductor of a machine (Jig, 74.), from which 
^ electric currient issues, the effect of which is to produce a cur- 
^t of air directed from the point so strong as to affect the flame 
^^a candle, and even to blow it out. 

This experiment may be varied by placing the candle upon the 
^ductor, and presenting to its flame a metallic point, as shown 
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inj^. 75., from which a stream of negative electricitj will istoe, 
80 as to produce a similar current of air. 





Fig. 74. 



Fig. 75. 



CHAP. IX. 




MECHANICAL EFFECTS OF ELECTBICITT. 

93* Attraottona and repnlsiona of eleotiilled bodies. — If a 

body charged with electricity be placed 
near another body, it will impress up- 
on such body certain motions, which 
will vary according as the body thus 
affected is a conductor or noncon- 
ductor ; according as it is in its natural 
state or charged with electricity ; and, 
in fine, if charged with electricity, ac- 
cording as the electricity is similar or 
opposite to that with which the body 
acting upon it is charged. 

Let Ay Jig. 76., be the body charged 
with electricity, which we shall sup- 
pose to be a metallic ball supported 
Fig. TO. on an insulating column. Let b be 
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the body upon which it acts, which we shall suppose to be a small 
ball suspended by a fine silken thread. We shall consider suc- 
cessively the cases above mentioned. 

94. JLotton of an eleetrllled body on a nonoondnotor not 
eleeftrlfled. — l^. Let b be a nonconductor in its natural state. 

In this case no motion will be impressed on b. The electricity with which 
A is charged will act by attraction and repulsion on the two opposite fluids, 
which compose the natural electricity of b, attracting each molecule of one 
by exactly the same force as it repels the molecule of the other. No de- 
otnnpoeition of the fluid will take place, because the insulating property of b 
will prevent any motion of the fluids upon it, and will therefore prevent their 
separation. Each compound molecule therefore being at once attracted and 
k fepeUed by equal forces, no motion will take place. 

ft 95. JLotton of an olectrlfled body on a nonoondnctor 
ftjgtaivA wltH liko olootrioity. — 2^. Let b be charged with 
^^iectricity similar to that with which a is charged. 

In this case b will be repelled Arom a. For, according to what has been 
explained above, the forces exerted on the natural electricity of b will be in 
eooilibrium, but the electricity of A will repel the similar electricity with 
irhich B is charged ; and since this fluid cannot move upon the surface of b 
because of its insulating virtue, and cannot quit the surface because of the 
Kstraining pressure of the surrounding air, it must adhere to the surface, and, 
being repelled by the electricity of a, must carry with it the ball b in the 
cUrection of such repulsion. The ball b therefore will incline from a, and 
^ rest in such a position that its weight will balance the repulsive force. 

96. Its action on a nonoondnotor obaryod witb opposite 
•Icetrtcity, — 3°. Let b be charged with electricity opposite to 
that with which a is charged. 

Id this case b will be attracted towards a, the distribution of the fluid upon 
It not being changed, for the same reasons as in the last case. 

97* Ka action on a oondnetor not electrified. — 4^. Let b be 

& conductor in its natural state. 

In this case the action of the fluid on a attracting one constituent of the 
'^nnl electricity of b,' and repelling the other, will tend to decompose and 
^pirate them ; and since the conducting virtue of b leaves free play to the 
moTement of the fluids upon it, this attraction and repulsion will take effect, 
the attracted fluid moving to the side of b nearest to a, and the repelled fluid 
to the opposite side. 

To render the explanation more clear, let us suppose that a is charged with 
Pwitive electricity. 

In that case, the negative fluid of b will accumulate on the side next a, 
*»d the positive fluid on the opposite side. The negative fluid will therefore 
he nearer to a than the positive fluid ; and since the force of the attraction 
^ repulsion increases as the square of the distance is diminished (79.), and 
'i&ce the quantity of the negative fluid on the side next a is equal to the 
^lantity of positive fluid on the opposite side, the attraction exerted on the 
'ormer will be greater than the repulflion exerted on the latter ; and since the 
floids are prevented from leaving b by the restraining pressure of the air, the 

F 
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fluids carrying with tbem the ball b will be moved towards A, and will rest : 
equilibrium, when the inclination of the string is such that the weight of 
balances and neutralises the attraction. 

If A were charged with negative electricity, the same effects would be pn 
duced, the only difference being that, in that case, the positive fluid on 
would accumulate on the side next a, and the negative fluid on the opposi 
side. 

. Thus it appears that a conducting body in its natural state is alwa^ 
attracted by an electrified body, with whichever species of electricity it I 
charged. 

98. Its aotton npon a oondnctor oliars«d witb like eleetrl 
olty. — 5^. Let B be a conductor charged with electricity simila 
to that with which a is charged. 

In this case the effect produced on b will depend on the relative strengt 
of the charges of electricity of A and b. 

The electricity of a will repel the fVee electricity of b, and cause it t 
accumulate on the side of b most remote (torn a. But it will also decompoc 
the natural electricity of b, attracting the fluid of the contrary kind to th 
side near a, and repelling the fluid of the same kind to the opposite side. 1 
will follow from this, that the quantity of the fluid of the same name accu 
mutated at the opposite side of b will bo greater than the quantity of flui( 
of the contrary name collected at the side near a. While, therefore, the latte 
is more attracted than the former, by reason of its greater proximity, it i 
less attracted by reason of its lesser quantity. If these opposite effects n*"** 
tralise each other, — if it lose as much force by its inferior quantity n«) it gain 
by its greater proximity, the attractions and mr.ulsions of A on b will reti 
tralise each other, and the bail b will nut move. But if the quantity « 
electricity with which b is charged be so small that more attraction is gaine 
by proximity than is lost by quantity, then the ball b will move towards ^ 
If, however, the quantity of electricity with which b is charged be so gre4 
that the effect prevail over that of distance, the ball n will be repelled. 

It follows, therefore, from this, in order to ensure the repulsion of the bci 
B in this case, the charge of electricity must be so strong as to prevail ov* 
that attraction which would operate on the ball b if it were in its natur 
state. A very small electrical charge is, however, generally suflicient for ttii 

99. Its action npon a oondnctor cbarired witb opposil 
electricltj*. — 6°. Let n be charged with electricity of a contnu 
name to that with which a is charged. 

In this case b will always be attracted towards a, for the attraction exerte 
on the fluid with which it is charged will be added to that which would b 
exerted on it if it were in its natural state. 

The free electricity on b will be attracted to the side next a, and the n>' 
tural fluid will be decomposed, the fluid of the same name accumulating oo 
the side most remote from a, and the fluid of the contrary name collecting <>o 
the side nearest to a, and there uniting with the free fluid with which v i< 
charged. There is therefore a greater quantity of fluid of the contrary nuoe 
•on that side, than of the same name on the opposite side. The attraction of 
the former prevails over the repulsion of the latter therefore at once by 
greater quantity and greater proximity, and is consequently effective. 

100. Attractions and repnlslons of pltb 1>alls •splalned.'' 
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What hu b«en expluned above will render more clearly under- 
stood the attractions and repulaions manifested by pith balls, berore 
and after their contact with electrified bodieB(i.). Before con- 
tact, the balls, being in their natural state, and being composed of 
a conducting material, are always attracted, whatever be the elec- 
tricity with which the body to which they are presented is charged 
(97.}; but afler contact, being charged with the like electricity, 
(hey are repelled (98.). 

Wlien touched by the hand, or any conductor which communi- 
utei with the ground, they are discharged and restored to their 
n&toral state, when they will be again attracted. 

If thejbe suspended by wire or any other conducting thread, 
ind the stand be a conductor communicating with the ground, they 
*illlose their electricity the moment they receive It. 

His electric fluid in passing through bodies, especially if they 
be imperfect conductors, or if the space they present to the fluid 
beu a small proportion to its quantity, produces various and 
Kmarkable mechanical effects, displacing the conductors some- 
times with great violence. 

101. SteonB •lAotrlo ohaTB«a rnptore Imperfsot oondaetor*. 
— Cord plaroad 1> j dlaobBrm of Jkt. — A method of exhibit- 
ing this effect is represented in_/^. 77. The chain x 
Commiiiiii.'ates with the outside coating of the jar. 
The card c ii, placed in such a position that two me- 
tallic points touch it on opposite sides, terminating 
near each other. The pillar o, being glass, intercepts 
the electricity. The ball of the discharger, being put 
in communication with the inside coating of the jar, 
is brought into contact with tbe ball u, so that the 
two points which are on opposite sides of the card, 
being in connection with the two coatings of tbe jar, 
are charged with contrary fluids, which exert on each 
other such an attraction that they rush to each other, 
penetrating the card, which is found in this case pierced 
'' "■ by a hole larger than that produced by a common pin. 
It is remafkabla that the burr produced on the surface of the 
^ is in this case convex on bolh ndet, as if the matter producing 
"IG hole, instead of passing through the card from one side to the 
'^r, had either issued from the middle of its thickness, emerging 
'^'tich surface, or OS if there were two distinct prevultng sub- 
"Ucea passing in contrary directions, each elevating tbe edges of 
'^ orifice in issuing from it. 

Hie accordance of this effect with the hypothesis of two fluids 
"spparent. 
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Another mediod of eKhtbiting this phenoineiui 
J*. 78- 




red Itr M. TrmiMiT. — A fact h^ 



been noticed bj M. Tremery for vhich no explanation has jet bee 
given. That observer found that when the tvro poiats on oppo^t^^ 
sideB of the card are placed at a certain distance, one above tb^v 
Other, the hole will not be midwaj between tbem. When the i ii*" 
periment is made in the atmosphere, the hole will always be near^^ 
to the negative fluid. When the apparatus is placed under tK^' 
receiver of an ur-pump, the hole approaches the positive fluid ^ 
the rarefaction proceeds. 

If several cards be placed between the knobs of the nnivers^ 
dischai^r (49.), they may be pierced by a strong charge of a JMf 
or battery, having more than one square foot of coated surface. 

103. IxriMtd twil riBu broken l>7 dlaoborre- — Arodofwood 
half an inch thick may be split bj a strong charge transmitted in 
the direction of its fibres, and other imperfect conductors pierced 
in the same raanner. 

If a leaf of writing paper be placed on the stage of the dis- 
charger, the electricit]' passed through it will tear it. 

The charge of a ar will penetrate );1bbs. An apparatus for 
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exhibiting thi« effect it dhown ia^. 79. It may dso be exhibited 
b; tTBusmitting the chtrge through the side of a phial, ^. 80. 




A slroiig charge passed through water, Bcatten the liquid iu *U 
'lirections around the points of discharge,,/^. 81. 

104. neotrlral balla. — The alternate attraction and repulgion 
"f eUctiified conductors is prettilj illustrated bj the eUctrieti 





4b and CD, fg. 8z., are two metal rods supported o 
pillar. From the ends of these rods four bellB a'b'c'd' are sus- 
pended by metallic 
chains. A central bell 
o is supported on the 
wooden stand which 
suatuns the glass pil- 
lar BF, and this centnl 
bell communicates by a 
chun with the ground. 
From the transverse 
rods are also suspended, 
by silken threads, four 
iraoll brass balls h. The 
transverse rods being 
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put ID coinmunicatioii with the conductor of an electrical luachiDe, 
the four bells k'b'c'd' become chai^d with electricit]'. Tbej' 
Attract and then repel the balls h, which when repelled strike th<3 
bell o, to which they give up the electricity they receiyed by 
contact with the bells a'b'c'b'i and this electricity passes to the 
ground by the chain. The bella will thus continue to be tolled 
as long as any electricity is supplied by the conductor to the bells 

Another form of this apparatus is shown in^. 83. 

1 05. BapnlBlon of electrlfleil tlu«»ds. — Let a skein of linen 
thread be tied in a knot at each end, and let one end of it be 
attached to some part of the conductor of the roacbioe- When 
the machine is worked the threads will become electrified, and 
will repel each other, so that the skein will swell out into a form 
resembling the meridians drawn upon a globe. 

106. Cotioiu effMt of repnlaton at ptth balL — Let a me- 
tallic point be inserted into one of the holes of the prime conduc- 
tor, so that, in accordance with what has been explained, a jet of 
electricity may escape from it when the conductor is electrified. 
Let this jet, while the machine is worked, be received on the 
interior of a glass tumbler, by which the surface of the glass will 
become charged with electricity. 

If a number of pith balls be laid upon a metallic plate com- 
municating with the ground, and the tumbler be placed with 
it> mouth upon the plate, including the balls within it, the balls 




- tWiMTIW il 



will begin immediately leaping violently from the metal and 
ttriking the glass, and this action will continue till all the 
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electricity with which the glass was charged has been carried 
away. 

Another form of this apparatus is shown in^. 84. 
This is explained on the same principle as the former experi- 
ments. The balls are attracted by the electricity of the glass, and 
when electrified by contact, are repelled. They give up their 
electricity to the metallic plate, from which it passes to the ground ; 
and this process continues until no electricity remains on the glass 
of sufficient strength to attract the balls. 

107. Bleotrloal danoe. — Let a disc of pasteboard or wood, 
coated with metallic foil, be suspended by wires or threads of 
linen from the prime conductor of an electrical machine, and let 
a similar disc be placed upon a stand capable of being adjusted 
to any required height. Let this latter disc be placed immediately 
under the former, and let it have a metallic communication with 
the ground. Upon it place small coloured representations in 
paper, of dancing figures, which are prepared for the purpose. 
When the machine is worked, the electricity with which the upper 
disc will be charged will attract the light figures placed on the 
lower disc, which will leap upwards ; and afler touching the upper 
disc and being electrified, will be repelled to the lower disc, and 
this jumping action of the figures will continue so long as the 
niachine is worked. An electrical dance is thus exhibited for the 
amusement of young persons. 

108. Curions ezperlineiits on electrlfled water. — Let a 

small metallic bucket i^fig^ 85., be 
suspended from the prime con- 
ductor of a machine, and let it 
have a capillary tube cd of the 
siphon form immersed in it ; or let 
it have a capillary tube inserted in 
the bottom; the bore of the tube 
being so small that water cannot 
escape from it by its own pressure. 
When the machine is put in opera- 
tion, the particles of water, becom- 
ing electrified, will repel each 
Fig. 85. other, and immediately an abund- 

ant stream will issue from the 
^\ and as the particles of water after leaving the tube still 
'Zeroise a reciprocal repulsion, the stream will diverge in the form 
of a brush. 

If a sponge saturated with water be suspended from the prime 
^Dductor of the machine, the water, when the machine is first 
forked will drop slowly from it ; but when the conductor becomes 
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strongly electrified, it will descend abundantly, and in the dark 
will exhibit the appearance of a shower of luminous rain. 

109. Bxperlment witb eleetrllled sealinff-^waz. — Let a 

piece of sealing-wax be attached to the pointed end of a metallic 
rod ; set fire to the wax, and when it is in a state of fusion blow 
out the flame, and present the wax within a few inches of the 
prime conductor of the machine. Strongly electrified myriads of 
fine filaments will issue from the wax towards the conductor, to 
which they will adhere, forming a sort of network resembling 
wool. This effect is produced by the positive electricity of the 
conductor decomposing the natural electricity of the wax; and 
the latter being a conductor when in a state of fusion, the nega- 
tive electricity is accumulated in the soft part of the wax near the 
conductor, while the positive electricity escapes along the metallic 
rod. The particles of wax thus negatively electrified, being at- 
tracted by the conductor, are drawn into the filaments above 
mentioned. 

110. Tbe etootrioal see-saw, a 6, fig. 86., is a small strip of 
wood covered over with silver leaf or tinfoil, insulated on c like a 

balance. A slight preponderance is given 
to it at a, so that it rests on a wire having 
a knob m at its top \ p\s b. similar metal 
ball insulated. Connect p with the inte- 
p, gg rior, and m with the exterior coating ot 

the jar, charge it, and the see-saw motion. 

of a 6 will commence from causes similar to those which excited 

the movements of the pith balls. 




CHAP. X. 

TUEHMAL EFFECTS OF ELECTRICITY. 

1 1 1 . A omrent of eleetricitjr passing over a oondnetor 
raises its temperature. — If a current of electricity pass over a 
conductor, as would happen when the conductor of an electrical 
machine is connected by a metallic rod with the earth, no change 
in the thermal condition of the conductor will be observed, so 
long as its transverse section is so considerable as to leave suffi- 
cient space for the free passage of the fluid. But if its thickness 
be diminished, or the quantity of fluid passing over it be aug- 
mented, or, in general, if the ratio of the fluid to the magnitude 0^ 
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the space affi)rded to it be increased, the conductor will be found 
to undergo an elevation of temperature, which will be greater the 
greater the quantity of the electricity and the less the space 
supplied for its passage. 

112. Bzperimental Tvrifloatloii. — y/msf lie«ted« AaaeO* and 
bttned. — If a piece of wire of several inches in length be placed 
upon the stage of the universal discharger (49.)i ft feeble charge 
transmitted through it will sensibly raise its temperature. By in- 
creasing the strength of the charge, its temperature may be ele- 
vated to higher and higher points of the thermometric scale ; it 
may be rendered incandescent, fused, vaporised, and, in fine, 
burned. 

With the powerful machine of the Taylerian Museum at Haar- 
lem, Van Marum fused pieces of wire above 70 feet in length. 

Wire may be fused in water; but the length which can be 
melted in this way is always less than in air, because the liquid 
robs the metal of its heat more rapidly than air. 

A narrow ribbon of tinfoil, from 4 to 6 inches in length, may 
be volatilised by the discharge of a common battery. The me- 
tallic vapour is in this case oxidised in the air, and its filaments 
float like those of a cobweb. 

113. Tltermal ofliBota are greater as tlie oondnottniT 
Poprer la leas. — The worst conductors of electricity, such as 
platinum and iron, suffer much greater changes of temperature 
1)7 the same charge than the best conductors, such as gold and 
copper. The charge of electricity, which only elevates the tem- 
perature of one conductor, will sometimes render another incan- 
descent, and will volatilise a third. 

114. Zfrnitloii of xnetala. — If a fine silver wire be extended 
^tween the rods of the universal discharger (49.)» a strong charge 
will make it burn with a greenish flame. It will pass off in a 
S^^jish smoke. Other metals may be similarly ignited, each pro- 
ducing a flame of a peculiar colour. If the experiments be made 
'D a receiver, the products of the combustion being collected, 
^ill prove to be the metallic oxides. 

If a gilt thread of silk be extended between the rods of the dis- 
charger, the electricity will volatilise or burn the gilding, without 
Meeting the silk. The effect is too rapid to allow the time neces- 
sary for the heat to affect the silk. 

A strip of gold or silver leaf placed between the leaves of paper, 
°6ing extended between the rods of the discharger, will be burnt 
^7 a discharge from a jar having two square feet of coating. The 
iitetallic oxide will in this case appear on the paper as a patch of 
P'lrple colour in the case of gold, and of grey colour in that of 
silver 
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A spark from the prime conductor of the great Haarlem ma- 
chiae burnt a Btrip of gold leaf twentj inches long bj an inch and 
a half broad. 

1 1 J. HffBot OD numlDBtlnE >llv«r. — The heat developed in 
the passi^ of electrjcit; through combustible or explosive sub' 
stances, which are imperfect conductors, causes their combustion 

A small quantity of fulminating silver placed on the point of a 
knife, explodes if brought within a few feet of the conductor of an 
electric^ machine in operation. In this case the explosion is pro- 
duced bj induction. 

1 1 6. Bleotrlo platol. - — The electrical pistol or cannon it 
charged with a mixture of h;rdi'°gs° ^"^ oxygen gases, in the 
proportion necessary to form water. A conducting wire termi- 
nated by a knob is inserted in Aie touch hole, and the gases are 




confined in the barrel by the bullet. An electric spark imparted 
to the ball at the touch hole, causes th« explosion of the gases. 
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This explosion ia produced by the Bodden combink^on of the 
gues, knd their coDveiwon into water, which, in coneequence of 
the great quantity of heat developed, ia ioBtantly converted into 
Bteam of great elasticity, which, by its expanaion, forces the bullet 
trom the barrel in the same manner as do the ga«es which result 
from tbe explosion of ^npowder. 

One of the forms of this apparatus is represented in section in 
fg. 87. It consists of a metidlic vessel c, which is filled with the 
nuiture of the gases, and hermetically closed by a cork. An 
Dpeaing a is made in the side, in which is inserted a metallic rod, 
terminated in two balls, as shown in Jig. 87., one interior, and the 
odier exterior, the rod being fixed in the tube by mastic, which, 
i>eiiig a nonconductor of electricity, prevents the fluid from es- 
uiHDg from the rod to the sides of the vessel. Thus prepared, 
tie vessel is placed, as shown in_^. 88., upon a support, and the 
Wl k a put in electric connection with the conductor of a machine 
is operation, from which a spark being received a similar spark 
ii transmitted between the internal knob b and the side of the 
'enel. By this spark the mixture of gases is inflamed, and the 
cork blown out. 

117. Btber Bad alcohol iKntted. — Ether or alcohol may b« 
fired by passing through it an electric discharge. Let cold water 
be poured into a wine glass, and let a thin stratum of ether be 
carefully poured upon it. The ether being lighter will float on 
the water. Let a wire or chain connected with the prime con- 
ductor of the machine be immersed in the water, and, while the 
machine is in action, present a metallic ball to the surface of the 
ether. The electric charge will pass from the water through the 
ether to the ball, and wUl ignite the ether. Or, if a person stand- 
ing on an insulating stool, and holding in one band a metal spoon 
filled with ether, pre- 
sent tbe surface of the 
ether to a conductor, 
and at the same time ap- 
ply tbe other hand to 
the prime conductor of 
a machine in operation, 
. the electricity wilt pass 
from the prime conduc- 
tor through the body of 
the person to the spoon, 
and from the spoon 
through the ether to the 
conductor to which the 
' '*' ether is presented, and 

will ignit« the etb r. 
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Anotlier Brrsngenient for pertbrmiDg this ezperimetit is al 

in A- 89- 

IiS. XeainotiB powAer bnm«<L — The electnc chai^ tj 

mitted through fine resinous powder, such at that of colopi 
wiU igniM it. This experiment may be performed eithei 
Bpreading the powder on the stage of the discharger (49.)- ^^ 
impregnatiog a hank of cotton with it ; or, in a still more stri 
manner, hy sprinkling it on the surface of water contained i 
earthenware saucer. 

1 1 9- Onnpowder exploded- — Gunpowder may, in like mai 
be ignited by electricity. This experiment is most convenu 
exhibited by placing the powder in a small wooden cup, and 
ducting the electric chaise along a moist thread, six or seven ir 
long, attached to the arm of a discharger, which is connected 
the negative coating of a jar, and the charg 
iU passage from one rod of the discharger U 
other, will igniCe the powder. 

—The electric mi 
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powder is ignited bj paasing an electric charge through it. The 

mixed gases may also be used in this instrument. 
Common air or gas, not being explosive, is heated so suddenly 

and intensely by transmitting through it an electric charge, that 

it will expand so as to project the ball from the mortar. 

121. Kinneraley's the r m om eter {Jig. 91.) is an instrument 
intended to measure the degree of heat developed in the passage of 
an electric charge by the expansion of air. The discharge takes 
place between the two balls b V in the glass cylinder, and the air 
confined in the cylinder being heated expands, presses upon the 
^md contained in the lower part of the cylinder, and causes the 
liquid in the tube tt Ui rise. The variation of the column of 
liqmd in the tube t f indicates the elevation of temperature. 

This instrument is shown on a larger scale, and another mode 
of performing the experiment indicated in Jig, 92. 



CHAP. XL 

LUMINOUS EFFECTS OF ELECTBICITT. 

1 22. aieotrlc fluid is not Inininoiis. — An insulated conductor, 
^f a Ley den jar or battery, however strongly charged, is never 
^^uqIdous so long as the electric equilibrium is maintained and the 
^^d continues in repose. But if this equilibrium be disturbed, 
^d the fluid move from one conductor to another, such motion is, 
^der certain conditions, attended with luminous phenomena. 

1 23. Conditioiis under wtaicb liffbt is developed by an 
•leetrio current. — K the conductor of an ordinary electric ma- 
^Mne while in operation be connected with the ground by a thick 
Metallic wire, the current of the fluid which flows along the wire 
^ the ground will not be sensibly luminous ; but if the machine 
^ ODe of great power, such, for example, as the Taylerian machine 
^^ Haarlem, an iron wire of 60 or 70 feet long, communicating 
^th the ground and conducting the current, will be surrounded 
°y a brilliant light. The intensity of the electricity necessary to 
Produce this effect, depends altogether on the properties of the 
^edium in which the fluid moves. Sometimes electricity of feeble 
^tensity produces a strong luminous eflect, while in other cases 
electricity of the greatest intensity develops no sensible degree of 
light. 
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It has been already explained that the electric fluid with whicl 
an insulated conductor is charged is retained upon it onlj bj tibi 
pressure of the surrounding air. According as this pressure if 
increased or diminished, the force necessary to enable the idee* 
tricity to escape will be increased or diminished, and in the same 
proportion. 

When a conductor a, in communication with the ground, ap- 
proaches an insulated conductor b charged with electricity, the 
natural electricity of b will be decomposed, the fluid of the same 
name as that which charges a escaping to the earth, and the fluid 
of the opposite name accumulating on the side of b next to a. At 
the same time, according to what has been explained (97.)^ the 
fluid on A accumulates on the side nearest to b. These two tide* 
of electricity of opposite kinds exert a reciprocal attraction, and 
nothing prevents them from rushing together and coalescing, ex- 
cept the pressure of the intervening air. They will coalesce 
therefore, so soon as their mutual attraction is so much increase* 
as to exceed the pressure of the air. 

This increase of mutual attraction may be produced by severe 
causes. First, by increasing the charge of electricity upon tft 
conductor a, for the pressure of the fluid will be proportional 
its depth or density. Secondly, by diminishing the distance t^ 
tween a and b, for the attraction increases in the same ratio 
the square of that distance is diminished ; and, thirdly, by incre^ 
ing the conducting power of either or both of the bodies A and^ 
for by that means the electric fluids, being more free to mo 
upon them, will accumulate in greater quantity on the sides o:£^ 
and b which are presented towards each other. Fourthly, by -fcl 
form of the bodies a and b, for according to what has been alresd 
explained (86.), the fluids will accumulate on the sides presentet 
to each other in greater or less quantity, according as the form 
of those sides approaches to that of an edge, a corner, or a point. 

When the force excited by the fluids surpasses the restraining 
force of the intervening air, they force their passage through the 
air, and, rushing towards each other, combine. This movement 
is attended with light and sound. A light appears to be produced 
between the points of the two bodies a and b, which has been 
called the electric spark, and this luminous phenomenon is accom- 
panied by a sharp sound like the crack of a whip. 

124. Tbe eleotrio spark. — The luminous phenomenon called 
the electric spark does not consist, as the name would imply) of 
a luminous point which moves from the one body to the other. 
Strictly speaking, the light manifests no progressive motion. I^ 
consists of a thread of light, which for an instant seems to connect 
the two bodies, and in general is not extended between them in 
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one straight unbroken direction 
like a thread which might be 
stretched tight between them, but 
has a zigzag form, resembling 
^ more or less the appearance of 

lightning, ;%'. 93. 

125. Bleotrio aigrette. — K the part of either of the bodies 
A or B which is presented to the other have the form of a point, 
the electric fluid will escape, not in the form of a spark, but as an 
otgrette, or brush light, the diverging rays of which sometimes 
We the length of two or three inches. A very feeble charge is 
sufficient to cause the escape of the fluid when the body has this 
form (87.). 

126. Tlie leiiirth of tlie spark. — If the knuckle of the finger 
or a metallic ball at the end of a rod held in the liand be pre- 
sented to the prime conductor of a machine in operation, a spark 
will be produced, the length of which will vary with the power of 
tfae machine. 

By the length of the spark must be understood the greatest 
distance at which the spark can be transmitted. 

A very powerful machine will so charge its prime conductor 
^t sparks may be taken from it at the distance of 30 inches. 

1 27. Biflcontliiiioiis oondncton prodnoe luininons effects. 
•* Since the passage of the electricity produces light wherever the 
Metallic continuity, or more generally wherever the continuity of 
the conducting material is interrupted, these luminous effects may 
pe multiplied by so arranging the conductors, that there shall be 
interruptions of continuity arranged in any regular or desired 
nianner. 

128. Varions ezperlmental illnstratloiis. — If a number of 

inetallic beads be strung upon a thread of silk, each bead being 

separated from the adjacent one by a knot on the silk so as to 

break the contact, a current of electricity sent through them will 

Produce a series of sparks, a separate spark being produced be- 

^een every two successive beads. By placing one end of such 

^ string of beads in contact with the conductor of the machine, 

^d the other end in metallic communication with the ground, 

^ chain of sparks can be maintained so long as the machine is 

forked. 

The string of beads may be disposed so as to form a variety 
^f fancy designs, which will appear in the dark in characters of 
%ht. 

Similar effects may be produced by attaching bits of metallic 
^oil to glass. Sparkling tubes and plates are contrived in this 
^iiuuiner, by which amusing experiments are exhibited. A glass 
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pUte is re|>rueiited in^. 94^ b) 
which a word ia nude to appeal 
in letters of ligbt in a dark room 
The letters ore formed bj attacli' 
ing lozenge -Bhaped bits of tinibi 
to the glaas, disposed in the prope: 
r designs nay be formed on the iiinei 

aurface of glass tubes, j^-. 95., or plates,^. g6., or, in fine, of glasi 

vessels of anj farm,,;^. 97. 





Id these cases the luminous charact m 7 be mad to appeu 
in lights of various colours, bj u ng p gl f diff rent metals 
since the colour of the spark vanes w th th metal 




129. BifBct or r«r«fle« »lr. — Wh th I t fluid passes 
through air, the brilliancy and c 1 f th 1 ght I ed d p ds 
OD the density of the air. In ar fied ai th light more 
diffused and less intense, and acqui ddi h It f ur 

Its colour, however, b affected, as has be j t tated by th 
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nttore of tlw condnctort between whioh tbe current flow*. 
When it usoea fimn gold the light U greeOt from wlTer red, 





from tin or line white, from water deep jellow inclining to 

It is evident th&t these phenomentt Boppl; the means of con- 
structing electrical apparatus by which aninfiDite 
] vuriety of beautiful and striking luminous effects 
I may be produced. 

I When the electricity escapes from a metallic 
point in the dork, it formB an aigrette, fig. 98^ 
I which will couliiiue to be visible so long as the 
I machine ia worked. 
t\^.M, The luminouB effect of electricity in rarefied 

ur is exhibited by an apparatus, fig. 99. and 
fig. 100., consisting of a glass receiver, which can be screwed 
upon the plate of an air pump and partially exhausted. Hie 
electric current poises between two metallic balls attached to 
rodii'which slide in air-tight coll&rs in the covers of the receiver. 

It is observed that the aigrettes formed by the negative fluid 
are never as long or as divergent as those formed by the positive 
fluid, an effect which is worthy of attention as indicating a dis- 
tinctive character of the two fluids. 

I 30. Mxperimental Imltatlan of tbe auroral Ilcbt. — This 
phenomenon may be exhibited in a still more remarkable manner 
by using, instead of the receiver, a glass tube two or three 
indiefl in diameter, and about tJiirty inches in length. In thia 
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case a pointed wire being fixed to the interior of each of tlu 
one is screwed upon the plate of the air pump, vhiie the ex 




knob of (he other is connected by a metallic chain with ihe ] 
conductor of the electrical machine. When the nutohine is wi 
in the dark, a succession of luminous phenomena will be proi 
in the tube, which bear bo close a resemblance to the x 
borealis as to safest the most probable origin of that nu 
When the exhaustion of the tube is nearlj perfect, the i 
length of the tube will exhibit a violet red light. If a 
quantity of air be admitted, Inminous flashes will be seen to 
IVom the two points attached to the caps. As more and moi 
is admitted, the flashes of b'ght which glide in a serpentine 
down the interior of the tube will become more thin and v 
until at last the electricity will cease t« be diffused througi 
column of air, and will appear as a glimmering light at the 

131. Ptaoapboreaoant alfoct at tiM sp«rk. — The elc 
spark leaves npon certain imperfect conductors a trace k 
continues to be luminous for seTeral seconds, and sometimes 
BO long as a minute after the discharge of the spark. The <k 
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of this species of phosphorescence varies with the substances on 
which it is produced. Thus white chalk produces an orange 
light. With rock crystal the light, at first red, turns afterwards 
white. Sulphate of barytes, amber, and loaf sugar render the 
light green, and calcined oyster shell gives all the prismatic 
colours. 

132. ibelelitenbeiT's ngunm^ — The spark in many cases pro- 
duces effects which not only confirm the hypothesis of two fluids, 
hut indicate a specific difference between them. One of these has 
been already noticed. The experiment known as Leichtenberg^s 
figures presents another example of this. Let two Ley den jars 
be charged, one with positive, the other with negative electricity ; 
and let sparks be given by their knobs to the smooth and well 
dried surface of a cake of resin. Let the surface of the resin be 
then slightly sprinkled with powder of semen lycopodii, or flowers 
of sulphur, and let the powder thus sprinkled be blown off*. A 
part ynH remain attached to the spots where the electric sparks 
were imparted. At the spot which received the positive spark, 
the adhering powder will have the form of a radiating star ; and 
at the point of the negative spark it will have that of a roundish 
clouded spot. 

133. ■zperlments indioatliiir apeoiflo differenoea between 
Uietwo fluids. — If lines and figures be traced in like manner on 
the cake of resin, some with the positive, and some with the 
itegative knob, and a powder formed of a mixture of sulphur 
^d minium be first sprinkled over the cake and then blown off*, 
the adhering powder will mark the traces of the two fluids im- 
parted by the knobs, the traces of the positive fluid being yellow, 
^ those of the negative red. Li this case the sulphur is at- 
tracted by the positive electricity, and is therefore itself negative ; 
^ the minium by the negative electricity, and is therefore itself 
positive. The mechanical effects of the two fluids are also differ- 
^t, the sulphur powder being arranged in divergent lines, and 
the mifiiiiTn in more rounded and even traces. 

Let two Leyden jars, one charged with positive and the other 
^th negative electricity, be placed upon a plate of glass coated at 
its under surface with tinfoil at a distance of six or eight inches 
asunder, and let the surface of the glass between them be sprinkled 
^ semen lycopodii. Let the jars be then moved towards each 
other, and let their inner coatings be connected by a discharging 
'od applied to their knobs. A spark will pass between their outer 
^^oatings through the powder, which it will scatter on its passage. 
^ path of the positive fluid will be distinguishable from that of 
^ negative fluid, as before explained, by the peculiar arrange- 
'i^t of the powder ; and this difference will disappear near the 
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Fig. loi. 



point where the two fluids meet, where a large round speck is 

sometimes seen bounded by neither of the arrangements which 

characterise the respective fluids. 

134. Blectrio llfflit above tbe barometrlo eolmnii- — The 

electric light is developed in every form of 
elastic fluid and vapour when its density is Tcry 
inconsiderable. A remarkable example of this 
is presented in the common barometer. When 
the mercurial column is agitated' so as to oscil- 
late in the tube, the space in the tube above the 
column becomes luminous, and is visibly so in 
the dark. This phenomenon is caused by the 
eflect of the electricity developed by the fric- 
tion of the mercury and the glass upon the 
atmosphere of mercurial vapour which fiUs the 
space above the column in the tube. 

135. Cavendisl!'* eleotrlo barometer.— 
The electric barometer of Cavendish,^. I0l.» 
illustrates this in a striking manner. Two ba- 
rometers are connected at the top by a curved 
tube, so that the spaces above the two columns 
communicate with each other. When the in- 
strument is agitated so as to make the columns 

oscillate, electric light appears in the curved tube. 

136. Kmninoiia effects produced by ImperflDct eondactorit 
— The electric spark or charge transmitted by means of the 
universal discharger and Ley den jar or battery through various 
imperfect conductors, produces luminous efiects which are amu^ 
and instructive. 

Place a small melon, citron, apple, or any similar fruit on the 
stand of the discharger ; arrange the wires so that their ends are 
not far asunder, and at the moment when the jar is discharged the 
fruit becomes transparent and luminous. One or more eggs m»y 
be treated in the same manner if a small wooden ledge be so con- 
trived that their ends may just touch, and the spark can be sent 
through them all. Send a charge through a lump of pipe-clay, * 
stick of brimstone, or a glass of water, or any coloured liquid, and 
the entire mass of the substance will for a short time be rendered 
luminous. As the phosphorescent appearance induced is by no 
means powerful, it will be necessary that these experiments should 
be performed in a dark room, and indeed the effect of the other 
luminous electrical phenomena will be heightened by darkenii^^ 
the room. 

137. Attempt to explain electric llf lit, — ^tbe tbermal hyp^^^ 
JHesls. — No explanation of the physical cause of the electr^^ 
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spark, or of the luminous effects of electricity, has yet heen pro- 
posed which has commanded general assent. It appears certain, 
for the reasons already stated, and from a great variety of pheno- 
mena, that the electric fluids themselves are not luminous. The 
%ht, therefore, which attends their motion must be attributed to 
the media, or the bodies through which or between which the fluids 
move. Since it is certain that the passage of the fluids through a 
medium develops heat in greater or less quantity in such me* 
dium, and since heat, when it attains a certain point, necessarily 
develops light, the most obvious explanation of the manifestation 
of light was to ascribe it to a momentary and extreme elevation of 
temperature, by which that part of the medium, or the body tra- 
versed by the fluid, becomes incandescent. 

According to this hypothesis, the electric spark and the flash of 
lightning are nothing more than the particles of air, through which 
the electricity passes, rendered luminous by intense heat. There 
is nothing in this incompatible with physical analogies. Flame we 
know to be gas rendered luminous by the ardent heat developed in 
the chemical combinations, of which combustion is the eflect. 

138. Bjpofbesis of decompositton and reoomposition. — 
•According to another hypothesis, first advanced by Ritter, and 
afterwards adopted by Berzelius, Oersted, and Sir H. Davy, the 
electric fluids have strictly speaking no motion of translation what- 
ever, and never in fact desert the elementary molecules of matter 
of which, according to the spirit of this hypothesis, they form an 
essential part. Each molecule or atom composing a body is 
supposed to be primitively invested with an atmosphere of elec- 
tric fluid, positive or negative, as the case may be, which never 
leaves it. Bodies are accordingly classed as electro-positive or 
dectro-negative, according to the fluid attracted to their atoms. 
Those atoms which are positive attract so much negative fluid, and 
t^ which are negative so much positive fluid, as is sufficient to 
[neutralise the forces of their proper electricities, and then the 
Atoms are unelectrised and in their natural state. 

When a body is charged with positive electricity, its atoms act by induc- 
^ npon the atoms of adjacent bodies, and these upon the atoms next 
b^ond them, and so on. The fluids in the series of atoms through which 
^ electricity is supposed to pass, assumes a polar arrangement such as that 
^presented in^. 102. 



+ -+ -+ -+ -+ -+ -+ -+ -+ 
Fig. 102. 

"^e first atom of the series being surcharged with + electricity acts by induc- 
^ on the second, and decomposes its natural electricity, the negative fluid 
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being attracted to the side near the first atom, and the positiye repelled to 
the side near the third atom. The same effsct is produced by atom 2 on atom 
3, by atom 3 on atom 4, and so on. The sorplos positive fluid on 1 then 
combines with and neutralises the negative fluid on 2 ; and, in like manner, 
the positive fluid on 2 combines with and neutralises the negative fluid on 3, 
and so on until the hist atom of the series is left surcharged with positive 
electridtj. 

Such is the hypothesis of decomposition and recomposition which is at 
present in most general favour with the scientific world. 

The explanation which it aflfords of the electric spark and other luminous 
electric effects, may be said to consist in transferring the phenomenon to be 
explained from the bodies themselves to their component atoms, rather than 
in affording an explanation of the effect in question, inasmuch as the pro- 
duction of light between atom and atom, by the alternate decomposition and. 
recomposition of the electricities, stands in as much need of explanation as the 
phenomenon proposed. 

139. C^rackinr noise attending eleotrlo mputku — Thesounc 
produced by the electric discharge is obviously explained by tk^ 
sudden displacement of the particles of the air, or other mediua 
through which the electric fluid passes. 



CHAP. xn. 

PHT8IOI1OGICAI. EFrECTS OF ELECTRICITY. 

140. Bleotrlo iriiock explained. — The* material substances 
which enter into the composition of the bodies of animab are 
generally imperfect conductors. When such a body, therefore^ 
is placed in proximity with a conductor charged with electricity^ 
its natural electricity is decomposed, the fluid of a like name being 
repelled to the side more remote from, and the fluid of the con- 
trary name being attracted to the side nearest to, the electrified, 
body. If that body be very suddenly removed from or brought 
near to the animal body, the fluids of the latter will suddenly 
suffer a disturbance of their equilibrium, and will either rush 
towards each other to reoombine, or be drawn from each other, 
being decomposed ; and owing to the imperfection of the con-' 
ducting power of the fluids and solids composing the body, the 
ilectricity in passing through it wiU produce a momentary derange- 
ment, as it does in passing through air, water, paper, or any other 
imperfect conductor. If this derangement do not exceed the 
power of the parts to recover their position and organisation, a 
convulsive sensation b felt, the violence of which is greater or less 
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according to th6 force of electricity and the consequent derange- 
ment of the organs ; but if it exceed this limit, a permanent 
injury, or even death, may ensue. 

141. SeoondATj iriiook. — It will be apparent from this, that 
the nervous effect called the electric shock does not require that 
any electricity be actually imparted to, abstracted from, or passed 
through the body. The momentary derangement of the natural 
electricity is sufficient to produce the effect with any degree of 
violence. 

The shock produced thus by induction, without transmitting 
electricity through the body, is sometimes called the secondary 
Ml 

The physiological effects of electricity are extremely various, 
according to the quantity and intensity of the charge, accord- 
ing to l£e part of the body affected by it, and according to the 
Biuumer in which it is imparted. 

142. Bffeot produced on Uio skin bj proximitj to an 
^l««trilled body. — ^When the back of the hand is brought near 
^ the glass cylinder of the machine, at the part where it passes 
from under the silk flap, and when therefore it is strongly charged 
^th electricity, a pecidiar sensation is felt on the skin, resembling 
^hat which would be produced by the contact of a cobweb. The 
^airs of the skin, bemg negatively electrified by induction, are 
attracted and drawn against their roots with a slight force. 

143. BlIiBot Of tbe sparks taken on tbe knuckle. — The 
effect of the shock produced by a spark taken from the prime con- 
ductor by the knuckle is confined to the hand ; but with a very 
powerful machine, it will extend to the elbow. 

144. Methods of limiting and reyulatinr tbe sbock bj 
ftjir. — The effects of the discharge of a Leyden jar extend 
through the whole body. The shock may, however, be limited to 
anj desired part or member, by placing two metallic plates con- 
nected with the two coatings of the jar, on opposite sides of the 
part through which it is desired to transmit the shock. 

145. BffDCt of disoharffes of various Ibrce. — The violence 
of the shock depends on the magnitude of the charge, and may be 
BO intense as to produce permanent injury. The discharge of a 
^le jar is sufficient to kill birds, and other smaller species of 
^inials. The discharge of a moderate-sized battery will kill 
^bbits, and a battery of a dozen square feet of coated surface will 
^ a large animal, especially if the shock be transmitted through 
the head. 

H^> Pbenomena observed in the autopsls after death 
^y the shock. — When death ensues in such cases, no organic 
>nor other injury or derangement has been discovered by the 
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autopsis ; nevertheless, the Tiolence of the conTulaions which are 
manifested when the charge is too feeble to destroy life, indicates 
a nervous derangement as the cause of death. 

147. Mtteet* of a Ions •ooceMiioii of modeiwto dIselBarires. 
— A succession of electric discharges of moderate intensity, trans- 
mitted through certain parts of the body, produce alternate 
contraction and relaxation of the nervous and muscular organs, 
by which the action of the vascular system is stimulated and the 
sources of animal heat excited. 

148. BITeets upon a aueoossion of pattents reoetvinr tbi^ 
Mune dlacbarre. — The electric discharge of a Leyden jar majr* 
be transmitted through a succession of persons placed hand ii^^ 
hand, the first communicating with the internal, and the kst witk^ 
the external coating of the jar. 

In this case, the persons placed at the middle of the seri^^ 
sustain a shock less intense than those placed near either ejc« 
tremity, — another phenomenon which favours the hypothesis ^^ 
two fluids. 

149. Semarkable ' experiments of VoUet* llr. "Wmao ^1, 
and others. — A shock has in this manner been sent througl^^ a 
regiment of soldiers. At an early period in the progress of el^e^> 
trical discovery, M. NoUet transmitted a discharge through. a 
series of 1 80 men ; and at the convent of Carthusians a chain, ot 
men being formed extending to the length of 5400 feet, by mesn-as 
of metallic wires extended between every two persons composm-ng 
it, the whole series of persons was affected by the shock at ^C^lie 
same instant. 

Experiments on the transmission of the shock were made in Londom. by 
Dr. Watson, in the presence of the Council of the Royal Society, wh^vii a 
circuit was formed by a wire carried from one side of the Thames to the 
other over Westminster Bridge. One extremity of this wire commonicjBated 
with the interior of a charged jar, the other was held by a person 00. the 
opposite bank oi the river. This person held in his other hand an iron, xod 
which he dipped in the river. On the other side near the jar stood ano't^^r 
person, holding in one hand a wire communicating with the exterior coet-^^ng 
of the jar, and in the other hand an iron rod. This rod he dipped into ^^ 
river, when instantly the shock was received by both persons, the ele^^tnc 
fluid having passed over the bridge, through the body <^ the person oca the 
other side, through the water across the river, through the rod held \yjr ^^ 
other person, and through his body to the exterior coating of the j^- 
Familiar as such a fact may now appear, it is impossible to convey an. ^^ 
quate idea of tl^e amazement bordering on Incredulity with which it yvBS at 
that time witnessed. 
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CHAP. XUI. 

CaSMlCAJL AND MAONBTIC ErFBCTS OF ELECTBICITT. 

150. VheBonMna wliioli snpplj tbe basis of tbe eleotro- 
elMmieal fbeory. — If an electric charge be transmitted through 
certain compound bodies, they will be resolved into their consti- 
tuents, one component always going in the direction of the positive, 
ud the other of the negative fluids. This class of phenomena has 
supplied the basis of the electro-chemical hypothesis already briefly 
noticed (138.). The constituent which goes to the positive fluid 
is assumed to tsonsist of atoms which are electrically negative, and 
that which goes to the negative fluid, as consisting of atoms elec- 
tiically positive. 

151. VmnOB.y'm escperlmental Ulustratton of tlais. — This 
class of phenomena is more prominently developed by voltaic elec- 
^dty, and will be more fully explained in the following Book, 
^or the present it will therefore be suflicient to indicate an ex- 
^Unple of this species of decomposition by the electricity of the 
ordinary machine. The following experiment is due to Professor 
Paraday. 

Lay two pieces of tinfoil t Tf, fig, 103., on a glass plate, one being con- 
nected with the prime conductor of the machine, and the other with the 
SKMud. Let two pieces of platinum wire p p', resting on the tinfoil, be 
lotted with their points on a drop of the solution of the sulphate of copper 
<^ or on a piece of bibulous paper wetted with sulphate of indigo in muriatic 
^d, or iodide of potassium in starch, or litmus paper wetted with a solution 
^ common salt or of sulphate of soda, or upon turmeric paper containing 
odpbate of soda. 

1q all these cases the solutions are decomposed : in the first, the copper 
t^!^ to the positive wire ; in the second the indigo is bleached by the chlorine 
<li8charged at the same wire ; in the third the iodine is liberated at the same 




Fig. 103. 



^^; in the fourth the litmus paper is reddened by the acid evolved at the 
J^itive wire, and when muriatic is used, it is bleached by the chlorine 
Evolved at the same wire ; and, in fine, in the fifth case, the turmeric paper 
** reddened by the alkali evolved at the negative wire. 

152. Bllbot of an electric discliarre on a ma«rnetic 
^«e<Ue. — When a stream of electricity passes over a steel needle 
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or bar of iron, it produces a certain modification in its magnetic 
state. If the needle be in its natural state it is rendered magnetic. 
If it be already magnetic, its magnetism is modified, being aug- 
mented or diminished in intensity, according to certain conditions 
depending on the direction of the current and the position of the 
magnetic axis of the needle ; or it may have its magnetism de- 
stroyed, or even its polarity reversed. 

This class of phenomena, like the chemical effects just mentioned, 
are, however, much more fully developed by voltaic electricity; 
and we shall therefore reserve them to be explained in the follow- 
ing Book. Meanwhile, however, the following experiments will 
show how common electricity may develop them. 

153. Bzperlmental lUustratton of tbis. — Place a narrow 
strip of copper, about two inches in length, on the stage of the^ 
universal discharger, and over it a leaf of any insulating mate — ■ 
rial, upon which lay a sewing needle transversely to the strip 09 
copper. Transmit several strong charges of electricity througl 
the copper. The needle will then be found to be magnetised, tL 
end lying on the right of the current of electricity being i 
north pole. 

If the same experiment be repeated, reversing the position ^^| 
the needle, it will be demagnetised. But by repeating the electr^e 
discharges a greater number of times, it will be magnetised w^i^J^ 
the poles reversed. 
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CHAPTER I. 

8IMPLB VOLTAIC COMBINATION. 

'54* IMaooTery of ffAlvaiilMii. — In tracing the progress of phy- 
sical science, the greatest discoveries are frequently found to 
oi'iginate, not in the sagacity of observers, but in circumstances 
altogether fortuitous. One of the most remarkable examples of 
this is presented by Voltaic Electricity. Speaking of the voltaic 
pile, Arago, in his ** Eloge de Yolta," says, that ** this immortal 
^coyery arose in the most immediate and direct manner, from an 
inoisposition with which a Bolognese lady was affected in 1 790, 
for which her medical adviser prescribed y'rog' broth,''^ 

(klvani, the husband of the lady, was Professor of Anatomy in 
the University of Bologna. It happened that several frogs, pre- 
pared for cooking, lay upon the table of his laboratory, near to 
^hich his assistant was occupied with an electrical machine. On 
^^ing sparks from time to time from the conductor, the limbs of 
the frogs were affected with convulsive movements resembling 
^^tal action. 

This was the effect of the inductive action of the electricity of 
J**6 conductor upon the highly electroscopic organs of the frogs ; 
•^ut Galvani was not sufficiently conversant with this branch of 
P*^78ics to comprehend it, and consequently regarded it as a new 
phenomenon. He proceeded to submit the limbs of frogs to a 
^ourse of experiments, with the view to ascertain the cause of what 
y^peared to him so strange. For this purpose, he dissected several 
^S^ separating the legs, thighs, and lower part of the spinal 
^lumn from the remainder, so as to lay bare the lumbar nerves, 
^e then passed copper hooks through that jpart of the dorsal 
Column which remained above the junction or the thighs, without 
^y scientific object, but merely for the convenience of suspending 
them until required for experiment. It chanced, also, that he 
•^spended these copper hooks upon the trow bar of the balcony of 
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iui window, wlien, to Us ine^ipres^ble ■slanishiiieiit, he found tint 
whenever the wind or inj other Bccidental cause broDglit the 
muscles of the leg into contact with the iron bar, the limhs were 
affected bj conmUive movementa dmilar to those produced bj (he 
sparks taken irom the conductor of the electric machine. 

Ilils fact, reproduced and geueralised, supplied the fbundattan 
of the theory of animal electricity propounded by Galiaui, and Ibr 
a considerable time unirersally accepted. In this theory it WM 
asanmed that in the animal economy there exists a specific eource 
of electricity ; thai at the junction of the nerves and muscles tlu> 
electricity is decomposed, the positive fluid passing to the nerve, 
and the negative to the muscle i and that, consequently, the nerre 
and muscle are in a state of relative electrical tension, anslogoua 
to that of the internal and external coatings of a char^ Leyden 
jar. When, imderthesecircumstanceSirodsof metal cj>,^.lOfi 




Flt.IQ»- 

are applied, one to the nerve, and the other to the niUBCle, ^ 
opposite electricities rush towards each other along the couductiDg 
rods ; a discharge of the nerve and muscle takes place, like u** 
of the Leyden jar ; "and this momentary derangement of the «1*' 
trical condition of the organ produces the convulsive movement. 

1^5. Volta'a ooireotloii of OiUtboI'b tbeorr.— Yolta, UwB 
Professor of Natural Philosophy at Como, and afterwards »• 
Payia, repeating the experiments of Galvani, overturned his theorj 
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r Tarions ingenious experimental tests, one of which consisted in 
owing that the effects of the electric shock were equally pro- 
iced when both metallic rods were applied to the muscle, neither 
ndung the nerre. He contended that Gralvani, in taking the 
Tve and muscle to represent the coatings of the Leyden jar, and 
e metallic rods the discharging conductor, had precisely inverted 
e trath, for that the rods represented the jar, and the nerve and 
Qflde the conductor. 

If the rods, as Gralvani supposed, played the part of the metallic 
ntdnctor, communicating between the opposite electricities im- 
ited to the nerve and muscle, a single rod of one uniform metal 
oold serve this purpose, not only as well, but better than two 
)d8 of different metals ; whereas the presence of two different 
Mt in contact, was essential to the development of the pheno- 
lenon. 

hi fine, Volta maintained, and ultimately proved, that the elec- 
ricity decomposed was not that of the nerve and muscle, but that 
f the metallic rods ; that the seat of the decomposition was not 
be janction of the nerve and muscle, but the junction of the two 
letals ; that the positive and negative fluids passed, not upon the 
erve and muscle, but upon the iron and copper forming the rods 
owmg in opposite directions from their point of junction ; and 
Uit, in fine, the nerve and muscle, or the latter alone, served 
lerdy as the conductor by which the opposite electricities de- 
sloped on the metals were recomposed, exactly as they would if 
l^tced between the internal and external coatings of a charged 
€yden jar. 

156. Tbeorj' of animal eleotrlcitj exploded. — After a con- 
let of some years' duration, the animal electricity of Galvani fell 
sfore the irresistible force of the reasoning and experiments of 
olta, whose theory obtained general acceptation. This form of 
ectric agency has since been denominated indifferently, gal' 
tniffn or voltaic electricity. 

157. Contact hjpotl&eais of Volta. — According to the hy* 
)the8is of Volta, now known as the contact theory^ any two 
fferent metab, or, more generally, any two different bodies 
liieh are conductors of electricity, being placed in contact, a 
ontaneous decomposition of their natural electricity will be 
iected at their surface of contact, the positive fluid moving from 
ch surface and diffusing itself over the one, and the negative 
)ving in the contrary direction and diffusing itself over the 
ber, the surface of contact constituting a neutral line separating 
e two fluids. 

158. Bleotro-motlTe force. — This power of electric decom- 
dtion was called by Yolta, electro'Tnothe force. 
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Different bodies placed in contact manifest different eleci 
motive forces, the energy of the electro-motive force being n 
sured by the quantity of electricity decomposed. 

Zts direotton and intensity. — The electro-motive force i 
on the two fluids in opposite directions, but it will be conven 
to designate its direction by that of the positive fluid. 

To indicate, therefore, the electro-motive force developed, w 
any two conductors are placed in contact, it is necessary to asi 
the energy and direction of such force, which is done by sho'vi 
the intensity of the electricity developed, and the condu< 
towards which the positive fluid is directed. 

159. Classification of bodies accordiniT to tbeir eleel 
motive property. — Although the results of experimental 
search are not in strict accordance on these points, the elec 
tensions produced by the mere contact of heterogeneous ( 
ductors being in general so feeble, as to elude the usual e 
troscopic tests, it has nevertheless been found that bodies ma} 
arranged so that any one placed in contact with another holdii 
lower place in the series, will receive the positive fluid, the lo 
receiving the negative fluid, and so that the electro-motive fc 
of any two shall be greater the more distant they are from e 
other in the series. How far the results of experimental 
searches are in accordance on these points, will be seen by a 
paring the following series of electromotors given by Volta, Pi 
Henrici, and Peclet : — 



Volta. 


Pfeff. 


Henrici* 


Pedet. 


Zinc. 


Zinc. 


Zinc. 


Zinc. 


Lead. 


Lead. 


Lead. 


Lead. 


Tin. 


Cadmium. 


Tin. 


Tin. 


Iron. 


Tin. 


Antimony. 


Bismuth. 


Copper. 


Iron. 


Bismuth. 


Antimony. 


Silver. 


Bismuth. 


Iron. 


Iron. 


Graphite. 


Cobalt. 


Brass. 


Copper. 


Charcoal. 


Arsenic. 


Copper. 


SUver. 


Crystallised Amber. 


Copper. 
Antimony. 


Silver. 


Gold. 




Mercury. 


Platinum. 




Platinum. 


Gold. 






Gold. 


Platinum. 






Mercury. 








Silver. 








Charcoal. 







To which Pfaff adds the following mineral substances in t 
order here given : Argentum vitreum (vitreous silver ore), si 
phurous pyrites, cuprum mineralisatum pyritaceum (yellow cop[ 
ore), galena, crystallised tin, niccolum sulphuratum arsenicum p 
ritaceum (arsenical mundick), molydena, protoxide of uraniu 
oxide of titanium, graphite, wolfram (tungstate of iron a 
manganese), gypsum stillatium, crystallised amber, peroxide 
lead (?). 
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It is to be understood, that, according to the results of the ex- 
perimental researches of the observers above named, the electro- 
motive force produced by the contact of any two of the bodies in 
the preceding series will be directed from that which holds the 
lower to that which holds the higher place, and that the energy of 
such electro-motive force will be greater the more remote the one 
body is from the other in the series. 

160. XAlatloii of aleetro- m ottTa ftoroe to siuoeptiblUtj of 
ttldatloii. — The mere inspection of these several series will 
suggest the general conclusion, that t^he electro-motive force is 
directed from the less to the more oxidable body, and that the 
more the one exceeds the other in its susceptibility of oxidation, 
the more energetic will be the electro-motive force. Thus, a 
combination of zinc with platinum produces more electro-motive 
energy than a combination of zinc with any of the more oxidable 
Qetids. 

If several electromotors of the series be placed in contact in 
any order, the total electro-motive force developed is found to be 
the same, as if the first were immediately in contact with the 
last. The intermediate elements are therefore in this case in- 
efficient. 

161. Analoiry of oleotro-motiTe aotion to indnotioii. — 
It appears, therefore, that when two pieces of different metals 
taken from the series of electromotors, such as zinc and copper, 
for example, are brought into contact, an electric state is produced 
in their combined mass similar to that which would be produced 
by placing an insulated conductor charged with positive electricity 
near the copper side of the combination. The inductive action 
of such a conductor would decompose the natural electricity of 
the combined mass, attracting the negative fluid to the side near 
the conductor, that is, to the copper element, and repelling the 
positive fluid to the opposite side, that is, to the zinc element, 
fiut this is precisely the effect of the electro-motive force of the 
two metals as alreaiiy described. 

I^t z and c,Jig» 105., be cylinders of zinc and copper placed end to end. 
"^e former will, by the contact, be charged with positive, and the latter with 

negative electricity. Let the two cj'linders, 
" being insulated, be separated, and the one will 
be positively, and the other negatively electri- 
fied ; but in this case the intensity of the elec- 
tricity developed upon them will be so feeble, 
that it cannot be rendered manifest by any of 
Fig. 105. the ordinary electroscopic tests. Let it, how- 

ever, be imparted to the collecting plate of a 
JP^erful condensing electroscope, and, after the two cylinders z and c are 
Charged, let them be again placed in contact. They will be again charged 
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by their electro-motive action, and their charges may, as before, be imparted 
to the collecting plates of the electroscopes ; and this process may be repeated 
until the electricities of each kind accumolated in the plates of the electro- 
scopes become sensible. 

162. ZHeotro-motiTa aetton of vases and Uqulds. — Seve- 

ral Grerman philosophers have recently instituted elaborate ex- 
perimental researches to determine the electro-motive action of 
liquids, and even of gases, on solids and on each other. The 
labours of Pfaff have been especially directed to this inquiry, and 
have enabled him to arrive at the following general conclusions 
respecting the electro-motive force developed by the contact of 
solid with liquid conductors. 

The electro-motive force produced by the contact of alkaline liquids with 
the metals, is generally directed from the metal to the liquid, and its &[iergy 
is greater, the higher is the place held by the metal in the series of electro- 
motors (i59.)> Thus, tin, antimony, and zinc, in contact with caustic potash, 
caustic soda, or ammonia, have a more energetic action than platinum, bis- 
muth, or silver. 

The electro-motive force of nitric acid in contact with a metal, is invariably 
directed from the acid to the metal. In this acid, iron and platinum are the 
most powerful, and zinc the most feeble electromotors. 

Sulphuric and hydrochloric acid, in contact with those metals which stand 
at the lowest part of the series (159.), develop a force directed from the add 
to the metal, and in contact with those at the head of the series, produce a 
force directed from the metal to the acid. Thus, these acids in contact with 
the less oxidable metals, as gold, platinum, copper, give an electro-motive 
force directed from the acid to the metal ; but in contact with the more 
oxidable, as antimony, tin, or zinc, give a force directed from the metal to 
the add. 

When the metals are placed in contact with weak acid, or saline solutions 
generally, the electro-motive force is directed from the metal to the liquid, 
the energy of the force being in general greater the higher is the place of the 
metal in the series of electromotors (159.)* ^^ the case of the metals holding 
the lowest places in the series, the electro- motive force is in some instances 
directed with feeble intensity from the liquid to the metaL 

163. Bifferences of opinion as to tlie origin of alaetro- 
motive action. — Since the date of the discoveries of Yolta 
to the present day, opinion has been divided in the scientific 
world as to the actual origin of that electrical excitation which is 
here expressed by the term electro-motive force, and which, as 
has been explained, Yolta ascribed to the mere mechanical contact 
of heterogeneous conductors. Some have contended — and among 
them many of the most eminent recent discoverers in this branch 
of physics — that the real origin of the electro-motive force is the 
chemical action which takes place between the solid and liquid 
conductors; and that, in the cases where there is an apparent 
development of electricity by the contact of heterogeneous solid 
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oonductora, its real aoaroe has been the unperceived chemical 
actioD of moisture on the more ozidable electromotor. Others, 
without disputing the efficacy of chemical action, maintain that it 
18 a secondary agent, merely exciting the electro-motive energy 
of the solid conductors, llius. Martens holds that liquids are 
Qot properly electromotors at all, but rather modify the electro- 
motive force of the metals in contact with them; so that they 
maj be considered as sometimes augmenting and sometimes di- 
niinishing the effect of the two metals. It is admitted by the 
partisans of the theory of contact, thai the liquids which most 
powerfully influence the electro-motive force of the solids, are 
those which act chemically on them with greatest energy. But it 
is contended that liquids which produce no chemical change on 
the metal with which they are in contact, do nevertheless affect 
its electro-motive action. 

It fortunately happens, that this polemic can produce no obsta- 
cle to the progress of discovery, nor can it affect the certitude of 
the general conclusions which have been based upon observed 
facts; while, on the other hand, the spirit of the opposition arising 
irom the conflicting theories, has led to experimental results of 
the highest importance. 

Whatever, Uierefore, be the origin of the electricity developed 
under the circumstances which have been described, we shall 
continue to designate it by the term electro-motive force, by 
^hich it was first denominated by its illustrious discoverer ; and 
^e shall invariably designate as the direction of this force, that 
^hich the positive fluid takes in passing from one element to 
luiother in the voltaic combination. 

164. Wolmr Airaiiffaineiit of tlie flnida in all eleotro-motlTe 
**Bi1iiiuitioiuii — In every voltaic combination, therefore, the 
^ect of the electro-motive force is a polar arrangement of the 
<lecomposed fluids ; the positive fluid being driven towards that 
^tremity of the system to which the electro-motive force is 
Erected, and the negative fluid retiring towards the other 
extremity. 

165. yoottlTa and neyatlTe poles. — These extremities are 
^erefore denominated the poles of the system ; that towards 
^hich the electro-motive force is directed, and where the positive 
^Uid is collected, being the positive^ and the other the negative 
pole. 

166. aieetro-motlTe effaot of a liquid interposed between 
^0 solid oondnotors. — ^When a liquid conductor is placed in con- 
^^with and between two solid conductors, an electrical condition 
*8 induced, the nature of which will be determined by the quantities 
^d direction of the electro-motive forces developed at the two 
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surfaces of contact. The several varieties of condition present 
by such a voltaic arrangement are represented in fig, io6. 
^. III. 

C z 

+ ^ 





Fig. io6. 



Fig. 107. 




Fig. 106. 




Fig 109. 





Fig. no. 



Fig. III. 



Let z and c represent the solid, and l the h'quid conductors ; and let 
arrows directed from the two surfaces of contact represent in each casa 
direction of the electro-motive forces. If the electro -motive forces be % 
directed to the same pole, as in^<. 106, 107., that pole, receiving all the p 
tive fluid transmitted by the conductors, will be the positive pole, and 
other, receiving all the negative fluid transmitted, will be the negative p 

The quantity of electricity with which each pole will be charged, wiiJ 
the sum of the quantities developed by the electro-motive forces at the t 
surfaces, diminished by the sum of the quantities intercepted by reason 
the imperfect conducting power of the liquid and solids, and by reason of ti 
quantity intercepted in passing from the liquid to the solid conductors at the 
common surface. 

If the electro-motive forces be directed to opposite poles, that pole to whic 
the more energetic is directed will be the positive pole. The varieties of coi 
ditions presented by this case are represented xvkjigi. 108, 109, no, and 11 
Each pole in these cases receives positive fluid from one surface, and negatii 
from the other. That to which the more energetic electro-motive force 
directed receives more positive than negative fluid, and is therefore charge 
with positive fluid equal to their difference, and is, consequently, the positi^ 
pole. The other receives more negative than positive fluid, and is, cons 
quently, the negative pole. 

In the case represented in^. 108., the electro-motive force between z and 
is the more energetic. A greater quantity of positive fluid is received by 
from the surface z l than of negative fluid from the surface c l, and the so 
plus of the former above the latter constitutes the free electricity of the po 
tive pole c. In like manner, the quantity of negative fluid received by t 
pole z from the surface z l predominates over the quantity of positive flc 
received from the surface o l, and the surplus of the former over the latl 
constitutes the free electricity of the negative pole z. 

The like reasoning, mutatis mutandis, will be applicable to fy 
J op, 1 1 1., in which the electro-motive force between z and l is t 
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more energetic, and to Jig, no., in which the electro-motive force 
between c and i. is the more energetic. 

In all these cases, the quantity of electricity with which the 
poles are charged is the difference between the actual quantities 
dereloped by the two electro-motive forces, diminished by the 
difference between the quantities intercepted by the imperfection 
of the conduction of the liquid and solid, and in passing through 
the surface which separates the liquid and solid conductors. 

167. aiaotro-motiTa aotion of two liqnida between two 
lollda. — The quantity of electricity developed may be augmented 
bj placing different liquid conductors in contact with the two solid 
conductors. In this case, however, it is necessary to provide some 
expedient by which the two liquids, without being allowed to 
intermingle, may nevertheless be in contact, so that the electri- 
cities transmitted from the electro-motive surfaces may pass freely 
£n)m the one liquid to the other. This may be accomplished by 
separating the liquids by a diaphragm or partition composed of 

some porous material, which is capable 
of imbibing the liquids, without being 
sufficiently open in its texture to allow 
the liquids to pass in any considerable 
quantity through it. A partition of un- 
Fig. iiA. glazed porcelain is found to answer this 

purpose perfectly. Such an arrange- 
iMnt is represented in fig, 1 1 2., where z and c are the solid elec- 
titODotors, I. and i/ the two liquids, and p the porous partition 
iqiarating them. • 

168. Vntetieal examples of enoli oombinatloiis. — As a 
practical example of the application of these principles, let the 
liquid L,^. 106., be concentrated sulphuric acid placed between 
ft plate of zinc z, and a plate of copper c. In this case the electro- 
BK>tiTe force is directed from z to l, and from ii to c ; and, con- 
isqaently, the tension of the negative electricity on z, and the 
positive electricity on c, will be the sum of the tensions transmitted 
^m the two surfaces, and z will be the negative, and c the positive 
pole (166.). 

If the liquid be a dilute solution of acid or salt, or a strong alkaline liquid, 
^ electro-motive forces are both directed from the metal to the liquid, but 
^ of the zinc is more energetic than that of the copper; consequently z, 
H' 108., will in this case be the negative, and c the positive pole, the energy 
of the combination being proportional to the difference of the two electro- 
motive forces. 

If the liquid be concentrated nitric acid, the electro-motive forces will be 
^directed from the liquid to the metals. In this case the zinc z^fig. xia, 
oeing the more feeble electromotor, the copper element o will be the positive, 
*Bd the dnc z the negative pole. 

H 2 
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If two different liquids be interposed between plates of the same metal, th 
conditions which affect the development of electricity may be determined b 
similar reasoning. 

If z and Cfjig. iix, be two plates of the same metal, and l and i/ be tw 
liquids, between which and the metal there are uneqaal electro-motive fbrcei 
the effect of such an arrangement will be a polar development, the positiv 
pole being that to which the electro-motive forces are directed if they have 
common direction, and that of the more energetic if they act in opposit 
directions. The intensity of the charge at the poles will be in the one cas 
the sum, and in the other the difference of the quantities of fluid trans 
mitted. 

As a practical example of the application of this principle, let the metal 
z and c be both platinum, and let l be an alkaline solution, and u concen 
trated nitric acid. In this case the electro-motive forces will be directed fion 
z to L, and from l' to c, and the effect of the arrangement will be similar t 
that represented ia^g. io6. 

169. Most powerftil oomblnatloiis determined. — The moa 

powerful voltaic arrangements are produced by taking two meti^ 
from the extremes of the electro-motive series (i59.)i ai^d intc^ 
posing between them two liquids, the electro-motive force of 0^- 
being directed from the metal to the liquid, and of the other fr^ 
the liquid to the metal, and so selecting the liquids, subject to t^l 
latter condition, as to have the greatest possible electro-mot^ 
action on the respective metals. 

Observing these principles, voltaic combinations of extraoxrcij 
nary power have been produced by interposing dilute sulphuric, ij 
/ig. 1 1 2., and concentrated nitric acid, j/y between zinc z, and car- 
bon or platinum c. In such a combination, strong electro-motire 
forces are developed, directed from the zinc to the acids, and 
from the acids to llie carbon or platinum. The zinc is therefore 
the negative, and the carbon or platinum the positive pole of^the 
system. 

1 70. Form of electro-motlTe combinatton. — We have se- 
lected the form of parallel plates or columns, in the arrange- 
ments here described, merely because of the clearness and sim- 
plicity which it gives to the exposition of the principles, upon 
which all voltaic combinations act. This form, although it was 
that of the earliest volt^c systems, and is still in some cases 
adhered to, is neither essential to the principle of such arrange- 
ments, nor convenient where the development of great force 
is required. In order to obtain as great an extent of electro- 
motive surface in as small a volume as is practicable, the form of 
hollow cylinders of varying diameters, placed concentrically vn 
cylindrical vessels a little larger, and containing the exciting liquid 
is now generally preferred. 

171. Volta'e first oomblnatlon. — The simple arrangements 
Brat adopted by Yolta consisted of two equal discs of metal, od» 
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of zinc, tnd the other of copper or silver, with a dbc of cloth or 
bibulous card, soaked in an acid or saline solution, between them. 
These were usually laid, with their surfaces horizontal, one upon 
the other. 

172. "WroltestoB's — mlitnatlop. — The late Dr. Wollaston 
proposed an arrangement, in which the copper plate was bent into 
two parallel plates, a space between them being left for the inser- 
tion of the zinc plate, the contact of the plates being prevented 
bj the interposition of bits of cork or other nonconductor. The 
sjstem thus combined was immersed in dilute acid contained in a 
porcelain vessel. 

173. Mmr&m spiral amuMrement. — This consists of two 
isetaUic plates, one of zinc and the other of copper, of equal 
length, rolled together into the form of a spiral, a space of a quar- 
ter of an inch being left between them. They are maintained 
parallel without touching, by means of a wooden cross at top and 
Attorn, in which notches are provided at proper distances, into 
which the plates are inserted, the two crosses having a common 
^is. This combination is let into a glass or porcelain cylindrical 
^'e8sel of corresponding magnitude, containing the exciting liquid. 

This arrangement has the great advantage of providing a very 
<^onsiderable electro-motive surface with a very small volume. 

The exciting liquid recommended for these batteries when great 
power is desired, is a solution in water of 2 J- per cent, of sulphuric, 
^d 2 per cent, of nitric acid. A less intense but more durable 
^on may be obtained by a solution of common salt, or of 3 to 5 
per cent, of sulphuric acid only. 

174* Amalymatton of tiM mfao. — Whatever be the form 
of the arrangement, its force and uniformity of action will be pro- 
iiHkted by amalgamating the zinc element, which may be best 
Accomplished in the following manner : — 

Inunerse the rough plate or cylinder of zinc in a solution of 
^phuric acid containing from 12 to 16 per cent, of acid, until 
the thin film of oxide which usually collects on the surface of the 
iQetal be dissolved. Then wash it well in water, and immerse it 
^ a dilute solution of the nitrate of mercury. After a short time 
A perfectly uniform amalgam will be formed on the surface of the 
2»nc. Let the zinc be then washed in water and rubbed dry with 
sawdust. 

'7$< Oylindrieal combination witli one fluid. — Voltaic 
8y8tem8 of the cylindrical form usually consist of two hollow cylin- 
^f8 of different metals, one of which, however, is always zinc. 
■Hie exciting liquid being placed in a cylindrical vessel a little 
*ongep than the greater of the two hollow metallic cylinders, these 
^ immersed in it concentricaUy wiih it and with each other. A 
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part of each projecting from the top of the vessel becomes the poU 
of the system. 

Such a combination is represented in vertical section in^. X13., where v^ 
is a vessel of glazed porcelain, containing the acid or saline solation, z z is a 
hollow cylinder of zinc, and c c a similar hollow cylinder of copper, each being 
open at both ends, and separated from each other by a space of a quarter tc 
half an inch. Strips of metal c p and z n represent the poles, that connected 
with the zinc being the negative, and that connected with the copper being 
the positive pole. 
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Fig. 114. 



In some cases the porcelain vessel v v is dispensed with, and the acid sol 
tion is placed in a cylindrical copper vessel, in which the hollow cylinder 
zinc is immersed, resting upon some nonconducting support. Such axi. u 
rangement is represented in Jig. 114. in vertical section, c o being the coppe 
vessel, z z the zinc cylinder, and p and n the poles. 

1 76. Cylindrical combinatioiis witb two fluids. — Cylin- 
drical arrangements with two exciting liquids are made in the 

following manner. The hol- 
low cylinder of zinc z z, open 
at both ends as already de- 
scribed, is placed in a weeaet^ 
of glazed porcelain v v (fl0 
115.). Within this is plac^^ 
a cylindrical vessel v », of utJ-' 
glazed porcelain, a little le^ 
in diameter than the zinc z ^ 
so that a space of about 
quarter of an inch may sep^ 
rate their surfaces. In th^ 
vessel V 9 is inserted a cylii^ 
der c c of platinum, open ^ 
the ends, and a little less th»^ 
pv, 80 that their surfaces may be about a quarter of an inc? 
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unnder. Dilute sulphuric »cid is then poured into the veasel t t, 
aDdconG«ntrated nitric acid into c r. According to what liit« been 
•Irekdj explained (169.}, r proceeding from the platinum will 
then be the positive, and h proceeding from the zinc the negative 
He. 

177. Orare'i bftttSTT-. — This arrangement is known as Orove't 
hdkry. Various modifications hare been suggested with the yiew 
to increase the electro- motive surface of the platinum, and econo- 
mise expense. Griiel suggests the use of thin platinum, attached 
bj platinum wires to a central axis, from which from 4 to 6 leaves 
or flspe diverge. Poggendorf proposes a single leaf of platinum, 
greiler in breadth than the diameter of the vessel c c in the ratio 
of about 3 to 2, and bent into the form of an S, so as to pass 
fredj into it. Pfaff proposes to coat the inner surface of the vessel 
DDvith leaf platinum. Pescbel affirms, aft«r having tried thu 
etpedieat, that it is less effective than the former. 

In these s^tems it is recommended to use a solution of sul- 
pknric acid containing from 10 to 25 per cent, of acid, and nitric 
arid of the specific gravity of r33. 

Tldi irraDgemeDt, as usnallj coDslmctpd, is rcpreMUled in Jigi. ti6. and 
"7.1 when o is a cjlindrical jar of glass or ponelain Dsatlf filled with wat«r, 




"touted with inlphnric odd. z is a cj^llnder of 
"d hiTiDg an opening in. the side passing from eac 
°"8lued pnnelain or earthenware, filled »ith nitric 
'W of platiDom bent 10 the form of S, as shown in;!^ 

'^'et. Oyfig. 116., whicli is placed upon the uofoua i 

'^'tiiniuiicaliiig with tlie leaf of pisli 



m in fig. 117., and attached to a 
wroua vaaa p. A metallic rod c, 
connecttd with a copper wire, 
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which WTTM u the poaitive pole, while * second wiroi fixed to the linc at t, 
Ii the n«gativ« pole. 

One of the objectioDS to this arrangement ia the costly character 
of the platinum, and the drcumstance that when it has been in 
DEC for a certain time that metal becomes so brittle that the least 
accidental disturbance will break it. 

178. Bnnaen'a iMttsrr. — The voltaic ajst«m known as Bnti' 




is similar to the preceding, substituting charcoal for platinum. 
The charcoal cylinder used for this 
purpose is made from the resi- 
duum taken from the retorts of 
gasworks. A strong porous mass 

produced by repeatedly baking 
' t pulverised coke, to which the 

juired form is easily imparted. 

JSSTB. Deleuil and Son, of Paris, 
I »e ^ fabricated batteries on this 
I nciple with great success. I havet 

e at present in use, consisting o-f 
I ly pairs of zinc and carbon cy — 

ders, the zinc being 24 inches 

-meter and 8 inches high, whiet 

-forms very satisfactorily. 

rhe electro - motive force* <»f 
-.ove's and Bunaen's batteries a:re 
considered to be, calerit parH-wu, 
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lit NT«nU part* of this tutterj, U ngnllj conitrndsd, ira tbnwn in 
Jlf. iiL, where A la a cj-lindrJcil veuel of f[lsied euiheawarv, flll«d with 
■tier iddnlatad by ! or lo per cent, of anlpbarlc add. B la the hollow 
^trnder of amilBunBted sine, to which a copper ribbon ii sttuhed. inleniled 
Unrre u the negative pole, and c lia cyiindriul veuel at nnglaied parce- 
liAi, (a b« filled with strong nitric acid; and, in tine, &i« a eolid rylinder of 
duTKial, to which another copper ribbon !■ attached, to acrva aa the poaitive 

Va apparatiu, with all Ita parte comUned, lo as to develop the voltaic 
nrreot, la ataown in j!^ iij^when the zinc cyllndsr ii placed In the glazed 
IM E. (he nnglaied cylinder r withiD the sine, and the charcoal cylinder 
imuentd in the nitric add ooataliud In p. 

179. Daudal'a voDaMnt battory. — Hie voltaic arranf^emDnt 
kooini u Duiiel'B coaatant hatterj coniiats of a copper cylinilrical 
TWd CO (j^ no.), widening acar the t^p a d. In this ia placud 
a cjlindrical vessel of unglaied porcelain p. 
W j^ In thia latter ia placed the hallow cjliniler 
of zinc z, already dpscribcd. The iii«ice 
between the copper and poreelain vcsaelii is 
filled with a saturated solution of the sul- 
phate of copper, which is maintained in a 
state of aaturation bj cryatala of tlic salt 
placed in the wide cup abed, in the bottom 
f i|. lu. of which is a grating composed of wire 

carried in a zigzag direction between two 
coiKsntric ringa, as represented in plan at o. The vessel />, con- 
Uuing the zinc, is filled with a solution of sulphuric acid, contain- 
ing from 10 to zj per cent, 
of acid when greater electro- 
motive power is requinsl, and 
from I to 4. per cent, when 
e moderate action is sulli- 



Thia battery, in its usual form, 
la represented in perspective in 
Jig, III., where V is a cylinder of 
glaii or porcelain filled with the 
sa aralnl solution of tiie sulphate 
of copper. The copper cylinder c, 
(he s ilea of which are pierced with 
I oles. is immnrscd in this. 1*0 tlie 
uppo part of this ryllndcr ia at- 
u I e<l the annular gallery, (he 
bottom of which ia pierced with 
emal boica, and which la Im- 
n the solution. This gal- 
d with crystals of tho 





phale of copper, w 
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constantly dissoWed, so as to keep the solution to the point of sal 
In fine, in the interior of the cylinder c is contained a smaller cy 
unglazed porcelain, filled with water, acidulated with sulphuric 
holding in solution common sea salt, in which is plunged the zinc cy 
open at both ends and amalgamated. To the cylinder of zinc an( 
are attached, by clamping screws, two copper ribbons, which are the 
the pile. 

1 80. Vouillet's modifloatton of Banlel's battery. 

following modification of Daniers system was adopted 

Pouillet in his experimental researches. 

A hollow cylinder a, fig, 122., of thin copper, haying a flat b( 
and a conical top d^ is ballasted with sand 6. Above this cone the 
the copper cylinder are continued, and terminate in a flange e. 1 
this flange and the base of the cone, and near the base, is a ring c 
This copper vessel is placed in a bladder which fits it loosely like 
and is tied round the neck under the fiange e. The saturated sol 
the sulphate of copper is poured into the cup above the cone, and, 

through the ring of holes, fills tl 
between the bladder and the cop| 
sel. It is maintained in its state < 
ration by crystals of the salt depc 
the cup. 

This copper vessel is then immer 
vessel of glazed porcelain t, contai 
solution of the sulphate of zinc 
chloride of sodium (common salt), 
low cylinder of zinc A, split down t 
so as to be capable of being enlai 
contracted at pleasure, is immersed 
solution surrounding the bladder, 
poles are indicated by the condv 
and n, the positive proceeding fin 
copper, and the negative from the 1 

M. Pouillet states that the 
of this apparatus is sustained ^ 
sensible variation for entire 
provided the cup above the cone d is kept supplied with th 
so as to maintain the solution in the saturated state. 

181. Advantaffes and dUadvantaves of tliese u 
BTVtems. — The chief advantage of Daniel's system is tha 
which it takes its name, its constancy. Its power, however, 
most eflicient state, is greatly inferior to that of the carl 
platinum systems of Bunsen and Grove. But a serious pr 
inconvenience attends all batteries in which concentrated 
acid is used, owing to the dififusion of nitrous vapour, ai 
injury to which the parties working them are exposed 1 
spiring it. In my own experiments with Bunsen*s batteri 
assistants have been often severely afiected. 

In the use of the platinum battery of Grove, the nuisanc 
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ddced bj the avolation of nitrous vapour is aometimee mitigated, 
17 «nek»ng the cells in a box, from the lid of which a tube pn>< 
ceedi which conducts these v^wurs out of the 

In combinBtions of this kind, Dr. O'Shaugnessj 
substituted gold for platinum, and a mixture at 
a ports by weight of sulphuric acid to one of 
saltpetre for nitric acid. 

~z. Bmee'i bsttsiT- — The voltdc combi- 

n called Smte'i batter]/ consists of a porcelain 

vessel 1^ J^. 123., containing an acid solution, 

which may be about ) 5 per cent, of sulphuric 

A plita of iron or eflvsr s, whose aurriccs are ptatbiiiti 
b7 a ceiCaIn chemlcil proceu, is ■lupended ft-om a bar of 
wood a, IwlwBcn two platu of iloo c, auipended frDin th« ume bur without 
MAietwith th« plate s. Tta< electro- motive action ia explained on Che same 
ptiadple u th« comblnaliona ■Ireody described. Mr. Sme« cklnu, h an 
adnstage for tbli B}nUni,lti great almplicltj and powar, tlw quantity of elec- 
tildlj evolved being, eattrit parVmt, veiy great, and Che manipolatloD eat)'. 
tmn. — Profesaor Wheatstone has pro- 
posed the combination represented in Jig. 124. 
K cjlindrical vessel vv, of unglazed and half- 
V baked red earthenware, ia placed in another, v v, 
1 larger one of glazed porcelain or glass. 

Tbe vssmI s a la filled witb a pasty amalgam of ilacv 

and tbe apsce between tbe two vauels is filled with a 

saturated aolatlon of aulphate of copper. Jn lbs letter 

eolntlon ia ImniBraBd a Cbln cylinder of copper c c. A 

rod or wireof copper N la plungedio theamalgsin. The 

-o-motive fbrcea oftbia aystem are directed fhnn tha 

\ amalgam to the copper sclulion ; ao Cbat r proceeding 

fhim tbe copper cylinder ia the poeltive, and H proceed' 

lug from the amalgam, ia the negative pole. 

He action of thia sjatem ia said to be constant, like that of 

I^iiiiel, so long at least ai the vessel v v allows equally free passage 

^ the two fluids, and the state of saturation of the copper solution 

I* maintain ed. 

184. ■•frsUon's wynma, — A voltaic arrangement suggested 
^ytlie Frince Bagration, and said to be well ailapted to galvano- 
t^Utic purposes, conaista of parallel hollow cylindera.j^. 12 J., of 
(ioc and copper, immersed in sand contained in a porcelain vessel. 
-^ land is kept wet by a solution of liydrochlorate of ammonia. 

i9;. Ssoqnarel'B ayBtem, — M. Uecqucrel has applied the 
Pi^ipleof two fluids and asingle metal explained in (168.) in 
™9 following manner ; — 
^ porcelain vessel y,Jig- 126., contains concentrated nitric acid. 
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A glaae cylinder t, to which is attached a buttoro of neglued. 
porcelain, is inuueriediD it. TUb cylinder contaiu t solutioDoC 
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commim salt. Two plates of platinum are immeraed, one in the 

nitric acid, and the other in the solution of salt. The eleotzv- 
mutive forces take effect, the conduction being maintained thrau^ 
the porous bottom of the glass vessel t, the positive pole being 
that which proceeds from the nitric acid, and the negative tliu 
which proceeds from the salt. 

lS6. ■obsntMln's mooiaowtlan of ■nBien'B binary.— 
M. 8cbonb«n proposes the following modiScation of Bunsen'f 
system. In a vessel of cast iron, rendered capable of resisting oii- 
dation hy processes which will be explained hereafter, he place* » 
mixture of three ptata of concentrated nitric with one of Buipbunc 
acid. In this be immerses the cylindrical vessel of unglazed por- 
cel^n which contains the zinc, immeraed in a weak solutjoa of 
sulphuric acid. In this arrangement the cast-iron vessel ^p 
the part of Bunsen's cylinder of charcoal. The positive pole il 
therefore that which proceeds from the cut- 
iron vessel, and the negative that which is con' 
nected with the zinc. 

1S7. OroTe'l vaa elevtro-maUra MppB^ 
rSituB.— We shall conclude this synopsia of 
the simple voltaic combinations with the gi# 
electro -motive apparatus of Mr. Grove, on^ 
of the most curious and interesting that ha^ 
been contrived. Two glass tubes, h tado,JSff'' 
I 27., are inverted in a vessel containing wale* 
slightly acidulated with sulphuric acid. Hydrcr' 
gen gas h is admitted into one of these, an^ 
oxygen o into the other in the usual way. ^ 
narrow strip of platinum pateea at the top €^ 
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ach tube through an aperture which is hermetically dosed around 
t, the strip descending near to the bottoms of the tubes. An 
lectro-motive force is developed between the platinum and the 
tises, whicn is directed from the platinum to the oxjgen, and 
rom the hydrogen to the platinum. The end of the platinum 
rhicb issues from the hydrogen is therefore the positive, and that 
rhich issues from the oxygen the negative, pole of the system. 
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188. Tolta's inTentloii of tbe pile. — Whatever may be the 
^cacy of simple combinations of electromotors compared one with 
Mother, the electricity developed even by the most energetic 
^ODg them is still incomparably more feeble than that which 
Proceeds from other agencies, and indeed so feeble that without 
Bome expedient by which its power can be augmented in a very 
High ratio, it would possess very little importance as a physical 
*gent. Volta was not slow to perceive this ; but having also a 
<^ foresight of the importance of the consequences that must 
ittolt from it if its energy could be increased, he devoted all the 
powers of his invention to discover an expedient by which this 
object could be attained, and happily not without success. 

He conceived the idea of uniting together in a connected and 
OQDtbuous series, a number of simple electro-motive combina- 
tions, in such a manner that the positive electricity developed by 
^ should flow towards one end of the series, and the negative 
^ards the other end. In this way he proposed to multiply the 
power of the extreme elements of the series, by charging them with 
*tt the electricity developed by the intermediate elements. 

In the first attempt to realise this conception, circular discs of 
^ver and copper of equal magnitude (silver and copper coin 
•^ifved the purpose), were laid one over the other, having inter- 
i^^^sed between them equal discs of cloth or pasteboard soaked in 
^ acid or saline solution. A pile was thus formed which was 
dominated a voltaic pile; and although this arrangement was 
H^eedily superseded by others found more convenient, the original 
^^^me was retained. 

Such arrangements are 9till called voltaic piles, and sometimes 
^c'^'c batteries, being related to a simple voltaic combination in 
^ same manner as a Leyden battery is to a Leyden jar. 
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189. Bzplanatlon of tbe iiriBolple of tbe pile. — To 

the principle of the voltaic battery, let us suppose several 
voltaic combinations, z^jJc\ z^i?c\ z*l*c', z*l*c*, ^. 
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Fig. iz8. 

be placed, so that the negative poles z shall all look to 
and the positive c to the right. Let the metallic plates c 
tended, and bent into an arc, so as to be placed in conts 
the plates z. Let the entire series be supposed to stand u] 
insulating support, and let the negative pole z ^ of the fir: 
bination of the series be put in connection with the groui 
conductor. 

If we express by e the quantity of positive electricity developed I: 
the negative fluid escaping by the conductor, this fluid s will pass t 
from thence along the entire series to the extremity c^. The com 
z^L^c^ acts in this case as the generator of electricity in the same m 
the cushion and cylinder of an electrical machine, and the remaindc 
series z^i^c^, &c., plays the part of the conductor, receiving the c 
fluid from z^L^c*. 

The second combination z^L^d* being similar exactly to the first 
an equal quantity of electricity e, the negative fluid passing throng] 
and the conductor to the ground. The positive fluid passes from z 
the succeeding combinations to the end of the series. 

In the same manner, each successive combination acts as a gen< 
electricity, the negative fluid escaping to the ground by the precedii 
binations and the conductor, and the positive fluid being diffused < 
succeeding part of the series. 

It appears, therefore, that the conductor p connected with the last 
nation of the series must receive from each of the four combinations 
charge e of positive fluid ; so that the depth or quantity of electric! 
it will'be four times that which it would receive from the single com 
z^L^c^ acting alone and unconnected with the remainder of the serie 

In general, therefore, the intensity of the electricity received bj 
ductor attached to the last element of the series, will be as many time 
than that which it would receive from a single combination, as tl 
combinations in the series. If the number of combinations compof 
series be n, and e be the intensity of the electricity developed by 
combination, then nxE will be the intensity of the electricity product 
extremity of the series. 

It has been here supposed that the extremity z^ of the series is cc 
by the conductor n with the ground. If it be not so connected, an 
entire series be insulated, the distribution of the fluids developed wil 
ferent. In that case, the conductor p will receive the positive fluid 
gated from each of the electro-motive surfaces to the right, and the a 
N will receive the negative fluid propagated from each of these surfiic 
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ieft, and each will neeiTe as many times more electricity than it woald 
nceire from a single combination, as there are simple combinations in the 
series. I^ therefore, vf express the quantity of fluid which each conductor 
pandH woold receive from a single combination z^l^cI, then nxs/ will be 
the qoantity it would receive from a series consisting of n simple combi- 
natioDS. 

Since two different metals generally enter with a liquid into 
eadi combination^ it has been usual to call these voltaic combi- 
nations pairs; so that a battery is said to consist of so many 
pairs. 

On the Continent these combinations are called elements ; and 
the voltaic pile is said to consist of so many elementsj each ele- 
nient consisting of two metals and the interposing liquid. 

190. Bffaet of tbe Imperfeot liquid eonduotors. — In what 
precedes we have considered that all the electricity developed 
by each pair is propagated without resistance or diminution 
to the poles p and n of the pile. This, however, could only occur 
if the materials composing the pile through which the electricity 
must be transmitted were perfect conductors. Now, although the 
metallic parts may be regarded as practically perfect conductors, 
the liquid through which the electricity must be transmitted, in 
passing from one metallic element to another, is not only an im- 
perfect conductor, but one whose conducting power is subject to 
constant variation. A correction would therefore be necessary in 
applying the preceding reasoning, the electricity received by the 
poles p and n being less than n X e^ by that portion which is in- 
tercepted or lost in transmission through the liquid conductors. 
The amount of the resistance to conduction proceeding from the 
conductors, liquid and metallic, by which the electricity evolved 
at the generating surfaces is transmitted to the poles of the pile, 
^ not been ascertained with any clearness or certainty. 

Professor Ohm, who has investigated the question of the re- 
^stance of the conductors composing a battery to the propagation 
of tlie electricity through them, maintains that the intensity of the 
electricity transmitted to the poles of the pile is " directly as the 
siun of the electro-motive forces, and inversely as the sum of all 
the impediments to conduction." We do not find, however, that 
tlus law has been so developed and verified by observation and 
^periment, as to entitle it to a place in elementary instruction. 

191. Metbod of developinff eleotrioitj- in grreat quantitj-. 
^If the object be to obtain a great quantity of electricity, the 
dements of the pile should be combined by connecting the poles 
of the same name with common conductors. Thus, if all the 
positive poles be connected by metallic wires with one conductor, 
*^<i all the negative poles with another, these conductors will be 
^*^ged with as much electricity as would be produced by a single 
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comlnnstioD, of which die generating sur&ces would be equal to 
the sum of the generating surfacea of all the elements of the 
series j but the intensity of the electricity thus developed would 
not be greater than that of the electricity developed by a ungle 

192, Dtottnetlon betw««n qnaJitltT' kntt Intenaltr lmpor« 
twit. — It is of great importance to distinguiab between the quan- 
tity and the intensity of the electricity evolved by the pile. The 
quantity depends on the magnitude of the sum of all the surfaces 
of the electromotors. The intensity depends on the number of 
purs composing the aeries. The quantity is measured merely by 
the actual quantity of each flnid received at the poles. The 
intensity is proportional, calerit paribui, to the number of pain 
transmitting electricity to the same pole, the fluids being super- 
posed at the poles, and the intensity being produced by such 
superposition. 

Volt^c piles have been composed and con- 
structed in a great variety of forms bj com- 
bining together the various simple electro- 
motive combinations which have been desoribei^^ 
in the last chapter. 

193. Valta'a flrat pile. — The first pil^^s 
constructed by Volta was formed as follows; — 
A disc of zinc was laid upon a plat« of g' 
Upon it was laid an equal disc of cloth 
pasteboard soaked in acidulated water. XJpo -« 
this was laid an equal disc of copper. 
the copper were laid in the same order tl 
, discs of zinc, wet cloth, and copper, and tl 
le superposition of the same combinations 
e, cloth, and copper was continued until t7~ 
pile was completed. The highest disc (of co 
per) was then the positive, and the lowest d 
(of zinc) the negative pole, accor^ng t 
principles already explained. 

It was usual to keep the discs In their p 
by confining them between rods of glass. 

Such a pile, with conducting wires c -^id. 
nected with its poles, is represented inj%'. I 29. 

Fig. 119. arrangement proposed by Volta formed a ^» tep 

towards the form which the pile definitely w- 

sumed, and is known under the name of the couronne det iam^tta 

(ring of cups); this is represented la fg. 130., and consists c»/« 

series of cups or glasses containing the acid solution. Bodfl of 
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liooud copper so, toldered together end t 
tbe fata of *»*, the endi being immened in 





J^JTUI^ 



H liiit the metali zaay succeed eacli other in one uniform order. 
A plue of zino, to which a conducting wire n a attached, is im- 
mened ia the fint \ and a limilor plate of copper, with a wire r, 
■K tile lut (hip. The Utter wire will be the poutive, and the 
•Winer the negative, pole. 

— Tbe next form of vol- 
taic pile proposed was 
that of Cruikshank, re- 
presented in Jig. 131. 
This consisted of a 
trough of glazed earth- 
enware divided into pB> 
rallel cells corresponding 
in number and magni* 
tude to the pairs of zinc 
and copper plates which 
were attached to a bar 
of wood, and so con- 
nected that, when im- 
mersed in the cells, each 
with the zinc plate of the 
lily raised from the trough when the 
battery was not in use. The 
trough contuned the acid so- 
lution. 

taent. — In order to obtdn 
within the same volume a 
greater extent of electro- 
motive surface, Dr. Wollaaton 
doubled the copper plate round 
the zinc plate, without however 
allowing them to touch. In 
this case tbe copper plates have 
twice the magnitude of the 



^t»per plate should be in 
'^att cell. The plates were 
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zinc platei. The s^Btetn, like the former, is ftttacbed to a bir of 
wood, and being limilBrly connected, is either let down iiibt a 
trough of earthenware divided into cellfl, as represented in fy;. 
131^ or into separate glasa or porcelain vcseeb, as repmented 
in_/^. 133. The latter method has the advantage of atTerding 
greater faciUtj for discharging and renewing the acid aolaticii. 




197. K&nob'a banary. — Professor Miinch of Strasbourg lav 
simplified the form of WoUaston's batterer as shown in fig. \%i-^ 
by plunging all the couples in a single wooden trough vami^ei- 
on the interior. The manner in which the plates of the coujJ^ 
are combined is shown in the figure. This pile has the advuilsg^ 
«/ small bulk, bat its action is not of long continuance. 



HELICAL PILES. 

198. ■•Iltal plM or Paonlt^ of Bei^acvm at 
^ helical pile ii a Toltalc arrangement adajitcd t 




flwtricity of low tenuon in great quantity. Thia pile, as con- 
"""cted for the Faculty of ScieDces nt Paris under the direction 
'^. Pouillet, conaiitu of a cylinder of wooil b,_fig. 136., of about 
four inches diameter and fifYocn inches long, on 
' Ich are rolled spirally two tliin leaves of zinc 
and copper separated by small bits of cloth, and 
pieces of twine extended parallel to each otter, 
having a tbiclcness a little less than the cloth. 
A pair is formed in this manner, having a surfuce 
of sixty square feet. A single combination of 
, this kind evolves electricity in lai^ quantity, 
pi,.,,6, and a battery composed of twenty pdrs is an 

agent of prodigious power. 
^The method of immersing the combination in the acid solution 
ftpresented in^. 137. 

I99. Files are formed by connecting together a number of any 
^ the simple electro- motive combinations described in the lost 
Witet, the conditions ui^er vrhich they are connected being 
"'^i the same, the positive pole of each combination being put 
niiietaUi{;i;oQQection with the negative pole of the succeeding one. 
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When the combiiMtkiiu are cjlindrical, it !s confenient Id 
them ID a framing, which will prerent the accidental fracture 





strain of the connei^iouB. A batt^ of ten purs of Grove'i 

Buiuen'i is Tepreaented with its proper connecUoDB in ^. 138 

A aimilar battery upon Buusen's principle is shown vajig. I 




Irijig. 140. is represented a convenient form of Daniel's b 
terj, consisting of four pairs. The jars are here made flat, a fo 
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it when zinc it used, which is generally 
nugulictared in nheets. The diaphragma are mode either of sail 
doth, or gold beater's leaf. Each pur U placed in connection 
bj tirire extending from the zinc of one pair to the copper of the 
"thet. The terminal wire v attached to the zinc of the first pur 
is Ibe negative pole, and the wire b attached to the copper of the 
Ibi piir is the positive pole. 




:oo Condnotora eonneBtiiir the elemnita — Whatever be 
"H form or construct on of the p le, ts effi ent pe formance re- 
<}°i>u that perfect melall c contact should be n ade and main- 
''iKi between the elements compos n" t, bj means of short and 
F«i conductors Copper w re or st 11 better st pi cut from 
'^ copper from half an nch to an n 1 n b cadth are found 
^ matt conven ent mater al for these con luctors, as well as for 
lie atnductors which carry the electricity from the poles of the 
pill to the objects to which it is to be conveyed. In some c-ases, 
1^ conducting wires or strips are soldered to metallic plates, 
"Udi are immersed in the exciting liquid of the extreme elements 
^dx jrile, and which, therefore, become its poles. In some cases, 
ndl mercurial cups are soldered to the poles of the pile, in which 
W points of d>e conducting wires, being first scraped, cleaned, 
■■4 nuUgBmated, are immersed. Many inconveniences, however, 
''trad the use of quicksilver, and these cups have lately been very 
piMrilly superseded by simple clamps constructed in a variety of 
^'na, by means of which the conducting wires or strips may be 
*»(d in metallic contact with the poles of the pile, with each 
"^r, or with any object to which the electricity is required to be 
'"■^ed. Where great precaution is considered necessary to 
13 
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secure perfect contact, the extremities of the conductors at the 
points of connection are sometimes gilt by the electrotjrping 
process, which may always be done at a trifling cost. I have not, 
however, in any case found this necessary, having always obtained 

perfect contact by keeping the surfaces clean, 
and using screw clamps of the form in jEg", 1 40 b. 
This is represented in its proper magnitude. 

201. Pile may be placed at any dla« 
taaoe firom place of experiment. — It is 
generally found to be inconvenient in practice 
to keep the pile in the room where the ex- 
„. periments are made, the acid vapours being 

injurious in various ways, especially where 
nitric acid is used. It is therefore more expedient to place it in 
any situation where these vapours have easy means of escaping 
into the open air, and where metallic objects are not exposed to 
them. The situation of the pile may be at any desired distance 
from the place where the experiments are made, communication 
with it being maintained by strips of sheet copper as above de- 
scribed, which may be carried along walls or passages, contact 
between them being made by doubling them together at the ends 
which are joined, and nailing the joints to the wall. They 
should of course be kept out of contact with any metallic object 
which might divert the electric current from its course. I have 
myself a large pile placed in an attic connected by these means 
with a lower room in the house, by strips of copper which measure 
about fifty yards. 

202. Memorable piles 1 Bavy's pile at tbe Royal Znsti- 
tutlon. — Among the apparatus of this class which have ob- 
tained celebrity in the history of physical science, may be men- 
tioned the pile of 2000 pairs of plates, each having a sarfiice of 
32 square inches, at the Royal Institution, with which Davy 
effected the decomposition of the alkalies, and the pile of the 
Royal Society of nearly the same magnitude and power. 

203. Vapoleon's pile at Folyteobnic Bcbool. — In 1 808, 
the Emperor Napoleon presented to the Polytechnic School at 
Paris, a pile of 600 pairs of plates, having each a square foot of 
surface. It was with this apparatus that several of the most im- 
portant researches of Gay Lussac and Thdnard were conducted. • 

204. Cbildren'B flrreat plate battery, consisted of 16 pairs 
of plates constructed by Wollaston^s method, each plate measuring 
6 feet in length and 2^ feet in width, so that the copper surfiuie 
of each amounted to 3 2 square feet ; and when the whole was 
connected, there was an effective surface of 5 1 2 square feet. 

205. Bare's deflagrator was constructed on the helical prin* 
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(nple, and consisted of 80 pairs, each zinc surface measuring 
54 square inches, and each copper 80 square inches. 

206. BtratUii^'s dellavratar consisted of 1 00 pairs on Wol- 
laston*s, method. Each zinc surface measured 200 square inches. 
It was used either as a battery of 1 00 pairs, or as a single combi- 
nation (191.), presenting a total electro-motive surface of 227 
square feet of zinc and 544 of copper. 

207. Fepjs' pile at Zrf>ndon Institution consisted of ele- 
ments each of which was composed of a sheet of copper and one 
of zinc, measuring each 50 feet in length and 2 feet in width. 
These were wound round a rod of wood with horsehair between 
them. Each bucket contained 5 5 gallons of the exciting liquid. 

208. These and all similar apparatus, powerful as they have 
been, and memorable as the discoveries m physics are to which 
several of them have been instrumental, have fallen into disuse, 
except in certain cases, where powerful physiological effects are 
to be produced, since the invention of the piles of two liquids, 
'Which, with a number of elements not exceeding 40, and a 
8\ir&ce not exceeding 100 square inches each, evolve a power 
equal to the most colossal of the apparatus above described. 

The most efficient voltaic apparatus are formed by combining 
DaniePs, Grovels, or Bunsen^s single batteries, connecting their 
opposite poles with strips of copper as already described. Grovels 
battery, constructed by Jacobi of St. Petersburgh, consists of 64 
platinum plates, each having a surface of 36 square inches ; so 
that their total surface amounts to 16 square feet. This is con- 
sidered to be the most powei*ful voltaic apparatus ever constructed. 
According to Jacobi's estimate, its effect is equal to a DanieFs 
battery of 266 square feet, or to a Hare's deflagrator of 5500 
square feet. 

209. Bry piles. — The term dry pile was originally intended 
^ express a voltaic pile composed exclusively of solid elements, 
^e advantages of such an apparatus were so apparent, that 
Attempts at its invention were made at an early stage in the pro- 
8^688 of electrical science. In such a pile, neither evaporation nor 
chemical action taking place, the elements could suffer no change ; 
*fid the quantity and intensity of the electricity evolved would be 
Absolutely uniform and invariable, and its action would be per- 
petual. 

210. Heine's pile. — The first instrument of this class con- 
structed was the dry pile of Deluc, subsequently improved by 
Zamboni. This apparatus is prepared by soaking thick writing- 
PAper in milk, honey, or some analogous animal fluid, and attaching 
to its surface by gum a thin leaf of zinc or tin. The other side of 
^be paper is coated with peroxide of manganese. Leaves of this 

1 4' 
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are superposed, the sides similarly coated bemg all presentee 
the same direction, and circular discs are cat of an inch diami 
bj a circular cutter. Several thousands being laid over 
another, are pressed into a close and compact column b^ a «cr 
and the sides of the column ara 'then thicklj coated with gum- 

The origin of the electro-motive force of the pile is varit 
Besides the contact of hetert^neous substances, chemical ad 
intervenes in several wafs. The o^anic matter acta upon 
sine as well as upon the manganese, reducing the latter to a Im 
state of oxidation. 

III. Zambonl** pile — Piles, hnring two elements onlj, b 
been coustructed hj Zamboni. These consist of one metal i 
one intermediate conductor, either dry or moist. If the fom 
the discs are of silvered paper laid with their metal faces all look 
the same way ; if the latter, a number of pieces of tinfoil, with . 
end pointed and the other broad, are laid in two watch'glai 
which contain water, in such a manner, that the pointed part 
in one glass and the broad part in the other. Aiter some tt 
they develop at their poles a feeble electricity, which they rel 
for several days, the metal pole b^ng positive in the dry pile, i 
the pointed end of the zinc in the moist one. 




21 2. Voltaic Jrax de bagne. — A pretty voltaic toy has " 
comtructed upon the principle of dry piles, as shown in^. 1 4 
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Two colamns of copi>er a tnd b, are connected within t circular box on 
irliich they stand, by a powerful dry pile placed horizontally between them, 
lie pillar a being its positive, and b its negative pole. Upon a central pivot c 
s an ivory cup i, with which are connected two horizontal rods at right 
ungles to each other, which support four wires, carrying birds, horses, or 
>oats,upon which stand small figures, holding in their hands rods, aimed, as 
;tiey pass, at a ring suspended from another Hgure standing on the same box. 
Pjom the four extremities of the horizontal rods little flags are suspende<l, 
Apon which metallic leaf is attached, and as the column revolves these leaves 
tun alternately attracted and repelled by the ball at the top of the columns 
CK and bf and by this attraction and repulsion the apparatus is kept in con- 
stant revolution. Galvanic toys constructed on this principle, which con- 
tinue moving for several years, may be seen in the shops of the opticians. 

213. Piles of a Blnrle metaL — Piles of a single metal have 
been constructed by causing one surface to be exposed to a che- 
ittical action different from the other. This may be effected by 
rendering one surface smooth and the other rough. A pile of 
this kind has been made with sixty or eighty plates of zinc of four 
square inches surface. These are fixed in a wooden trough 
parallel to each other, their polished faces looking the same way, 
&ndan open space of the tenth to the twentieth of an inch being 
left between them, these spaces being merely occupied by atmo- 
spheric air. If one extremity of 'this apparatus be put in commu- 
iiication with the ground, the other pole will sensibly affect an 
electroscope. 

In this case, the electro-motive action takes place between the 
^ii* and the metal. 

214. Sitter*B seeondary piles. — The secondary piles, some- 
times called Hitter's piles, consist of alternate layers of homo- 
geneous metal plates, between which some moist conducting sub- 
stance is interposed. When they stand alone, no electro- motive 
^orce is developed ; but, if they be allowed to continue for a cer- 
tain time in connection with the poles of a battery, and then 
disconnected, positive electricity will be foimd to be accumulated 
at that end which was connected with the positive pole, and nega- 
^*ve electricity at the other end ; and this polar condition will 
^'ontinue for a certain time, which will be greater, the less the 
<ileotrical tension imparted. This phenomenon has not been satis- 
factorily explained, but would seem to arise from the low con- 
^^cting power of the strata of liquid interposed between the 
plates. 
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CHAP. ni. 



VOLTAIC CURRENTS. 




215. Tbe Toltate enrrent. — The voltaic pile differs from thi 
electrical machine, inasmuch as it has the power of constantl] 
reproducing whatever electricity may be drawn from it by con- 
ductors placed in connection with its poles, without any manipu-^ - 
lation, or the intervention of any agency external to the pil^^ 
itself. So prompt is the action of this generating power, thar^^^ 
the positive and negative fluids pass from the respective poles ^ 
through such conductors, in a continuous and unvarying strean^H^ 
as a liquid would move through pipes issuing from a reservou 
The pile may indeed be regarded as a reservoir of the electri. 
fluids, with a provision by which it constantly replenishes itself. 

If two metallic wires be connected at one end with the poles p and 
fig. 142., of the pile, and at the other with any conductor o, through wM 
it is required to transmit the electricity evolved in the pile, the positive flni: 
will pass from p along the wire to o, and the negative fluid in like 





c 



mzzzz2ZZMm 

o 




Fig. 142. 



from N to o. The positive fluid will therefore form a stream or current 

p through o to N, and the negative fluid a contrary current from n throHi^Kgii 

o to p. 

It might be expected that the combination of the two opposite fluida^ m 
equal quantity would reduce the wire to its natural state; and this would 9 in 
fact, be the case, if the fluids were in repose upon the wire, which ma^^ be 
proved by detaching at the same moment the ends of the wires from the 
poles p and n. The wires and the conductor o will, in that case, sho^r no 
indication of electrical excitement. If the wire be detached only from tiid 
negative pole N, it will be found, as well as the conductor o, to be chargr^ 
with positive electricity ; and if it be detached from the positive pole p, tlioy 
^vill be charged with negative electricity, the electricity in each case being 
in repose. But when both ends of the wire are in connection with the poles 
p and N, the fluids, being in motion in contrary directions along the wire an<l 
intermediate conductors, impart to these, qualities which show that they aro 
not in tbe natural or unelectrifled state, but which have nothing in common 
with the qualities, which belong to bodies charged with the electric fluid in 
repose. Thus, the wire or conductor will neither attract nor repel pith ballBf 
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Hot produce any electnwcopic effects. They will, however, prodace t great 
"Variety of other phenomena, which we shall presently notice. 

The state of the electricities in thus passing between the poles 
of the piles, through a metallic wire or other conductor exterior 
to the pile, is called a voltaic current 

216. Direetton of tbe onrrent. — Although, according to 
'What has been stated, this current consists of two streams flowing 
in contrary directions, it receives its denomination exclusively 
pn)m the positive fluid ; and, accordingly, the direction 0/ the current 
id always from the positive pole through the wire or other con- 
ductor to the negative pole. 

It is necessary, however, to observe, that in passing through 
the pile itself from element to element, it moves from the nega- 
tive pole to the positive pole. The direction and course of the 
current is indicated in^. 142. by the arrows. 

217. Voles of tbe pile, liow dlettnriiislied. — In desig- 
listing the poles of the pile, much confusion and obscurity, and 
consequent difficulty to students, has arisen from identifying tbe 
poles of the pile with the extreme plates of metal composing it. 
^Q the piles first constructed by Volta, tbe last plate at tbe posi- 
tive end was zinc, and the last at the negative end copper ; and 
such an arrangement was often retained at more recent periods. 
Hence the positive pole was called the zinc pole, and the negative 
I>ole the copper pole. The extreme plates being afterwards dis- 
pensed with, the final plate at the positive end became copper, 
<^nd that at the negative end zinc ; and, consequently, the positive 
pole was then the copper pole, and the negative pole the zinc 
pole. 

This confusion, however, may be avoided, by observing that 
the poles, positive or negative, are not dependent on tbe plates or 
cylinders of metal with which the pole may terminate, but on the 
^irection of the electro-motive forces of its elements. In general, 
^i) a pile composed of zinc and copper -elements, the zinc plates 
^f each pair all look totoards the positive pole, and the copper 
pUtes towards the negative pole. It must, however, be observed, 
that, in the ordinary arrangement, one element of a pair is placed 
*t each extremity of the pile, and constitutes its pole, the pair 
^ing only completed when the poles are united by the conducting 
^*fe. Thus, the pole to which the copper elements look, termi- 
^'^tes in a zinc plate in contact with the exciting liquid, but not 
^th the adjacent copper plate ; and the pole to which the zinc 
P^fttes look terminates in like manner with a copper plate in con- 
^t with the exciting liquid, but not with the adjacent zinc plate. 
''^e single extreme plates of zinc and copper thus forming the 
^les of the pile being connected by the conducting wire, form. * 
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fact, a pair throngh which the current passes exactly as i 
through any other pair in the series. 
. 2 1 8. Voltaie olronit. — When the poles are thus cc 
by the conducting wire, the voltaic circuit is said to be c* 
and the current continually flows, as well through the 
through the conducting wire. In this state the pile co 
evolves electricity at its electro-motive surfaces, to feed i 
tain the current ; but if the voltaic circuit be not comp] 
establishing a continuous conductor between pole and p( 
the electricity wiU not he in motion^ no current will flow ; 
wire or other conductor which is in connection with the 
pole will be charged with positive, and that in connect! 
the negative pole will be charged with negative electrici 
certain feeble tension, and in a state of repose. Since, 
case, the electricity with which the pile is charged has i 
escape than by the contact of the surrounding atmosph 
electro-motive force is in very feeble operation, having 
make good that quantity which is dissipated by the al 
moment, however, the voltaic circuit is completed, the pil 
into active operation, and generates the fluid necessary tc 
the current. 

These are points which it is most necessary that the 
should thoroughly study and comprehend ; otherwise, he ' 
himself involved in great obscurity and perplexity as he i 
to proceed. 

219. Case in wliioli tbe eartli completes tbe clr 
If the conducting wires connected with the poles p and n, 
of being connected with the conductor o, Jig, 1 43., be co 
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Fig. 143. 



with the ground, the earth itself will take the place and ] 
part of the conductor o in relation to the current. The 
fluid will in that case flow by the wire pe, Jig. 143., i 
negative fluid by the wire n e to the earth e ; and the t^ 
wUl he transmitted through the earth ee in contrary dii 
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exactly in the same manner as through the conductor o. In this 
case, therefore, the voltaic circuit is completed by the earth itself. 

220. acetliods of conneotiiiff tlie poles wltli the earUi« — 

In all cases, in completing the circuit, it is necessary to ensure 
perfect contact wherever two different conductors are united. 
We have already explained the application of mercurial cups and 
metallic clamps for this purpose, where the conductors to be con- 
nected are wires or strips of metal. When the earth is used to 
complete the circuit, these are inapplicable. To ensure the un- 
obstructed flow of the current in this case, the wire is soldered to 
a large plate of metal, having a surface of several square feet, 
which is buried in the moist ground, or, still better, immersed in 
a well or other reservoir of water. 

In cities, where there are extensive systems of metallic pipes 
buried for the convenience of water or gas, the wires proceeding 
from the poles p and m may be connected with these. 

There is no practical limit to the distance over which a voltaic 
current may in this manner be carried, the circuit being still 
completed by the earth. Thus, if while the pile pn, ^g. 1 43., is 
at London, the wire pe is carried to Paris or Vienna (being insu- 
lated throughout its entire course), and is put in communication 
with the ground at the latter place, the current will return to 
London through the earth e e, as surely and as promptly as if the 
points EE were only a foot asunder. 

221. Various denomination of currents. — Voltaic currents 
which pass along wires are variously designated, according to the 
form given to the conducting wire. Thus they are rectilinear 
currents when the wire is straight; indefinite currents when it is 
unlimited in length ; closed currerUs when the wire is bent so as 
to surround or enclose a space ; circvJar or spiral currents when 
the wire has these forms. 

222. Tlie electric fluid forming tbe current not necessarily 
in motion. — Although the nomenclature, which has been adopted 
to express these phenomena, implies that the electric fluid has a 
motion of translation along the conductor, similar to the motion 
of liquid in a pipe, it must not be understood that the existence 
of such motion of the electric fluid is necessarily assumed, or that 
its nonexistence, if proved, could disturb the reasoning or shake 
the conclusions which form the basis of this branch of physics. 
Whether an actual motion of translation of the electric fluid along 
the conductor exist or not, it is certain that the effect which would 
attend such a motion is propagated along the conductor ; and this 
is all that is essential to the reasoning. It has been already stated, 
that the most probable hypothesis which has been advanced for 
the explanation of the phenomena, rejects the motion of 
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lation, and supposes the effect to be produced, by a series of de- 
compositions and recompositions of the natural electricity of the 
conductor (138.). 

223. acetliod of eoatinr tlie eondoetliir wires. — When the 
wires by which the current is conducted are liable to touch other 
conductors, by which the electricity may be diverted from its 
course, they require to be coated with some nonconducting sub- 
stance, under and protected by which the current passes. Wire 
wrapped with silk or linen thread may be used in such cases, an< 
they will be rendered still more efficient if they are coated wit) 
a varnish of gum-lac. 

• When the wires are immersed in water, they may be protecte 
by enclosing them in caoutchouc or gutta percha. 

If they are carried through the air, it is not necessary to 
round them with any coating, the tension of the voltaic electrici 
being so feeble, that the pressure of the air and its noncondu 
quality are sufficient for its insulation. 

224. 8app<MrtB of conduotiiiff wire. — When the wire is carri 
throucrh the air to such distances as would render its weight 
great for its strength, it requires to be supported at conveni 
intervals upon insulating props. Rollers of porcelain or 
attached to posts of wood, are used for this purpose in the 
telegraphic wires. 

225. Ampere's reotrope to reveme tbe oairent.— 
experimental inquiries respecting the effects of currents, ii 
frequently necessary to reverse the direction of a current, 
sometimes to do so suddenly, and many times in rapid succession. 
An apparatus for accomplishing this, contrived by Ampere, and 
which has since undergone various modifications, has been deno- 
minated a commutator, but may be more appropriately named a 
reotrope, the Greek words p4o5 (reos) signifying a current, and 
rp6ins (tropos), a turn. 

Let two grooves r / (^Jig. 144. )t about half an inch in width and depth, be 

cut in a board, and between them let 
four small cavities v,tftf,fhe formecL' 
Let these cavities be connected diagofi" 
ally in pairs by strips of copper //' aiB.^ 
m m% having at the place where th©^ 
cross each other a piece of cloth or oih^^'^ 
nonconducting substance between thei^^^ 
so as to prevent the electricity fro^^^^^ 
passing from one to the other. Let Hm^ "*. 
grooves r and r\ and the four cavitie^s^^* 
be varnished on their surfaces with resic:::^^ ^' 
so as to render them nonconductors. 
These grooves and cavities being fillc 
Fig. 144. with mercury, let the apparatus re] 
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sented in fig, 145. be plaoed vpon the botrd. A horizontal axis a of moves 

in two holes o o' made in 
the upright pieces pp'. It 
carries four rectangular 
pieces of metal r, c', cf, cfs so 
adapted that when they are 
pressed downwards one leg 
of each will dip into the 
mercury in the groove, and 
FiB. i4<. ^^® other into the adjacent 

cavity. The arms uniting 
^e rectangular metallic pieces are of varnished wood, and are therefore non- 
conductors. When this apparatus is in the position represented in the figure, 
>t will connect the groove r with the cavity ©, and the groove r with the ca- 
^ty If, When the ends dd' are depressed, and therefore c d elevated, it will 
connect the groove r with the cavity I, and the groove r' with the cavity v\ 
The conductor which proceeds from the positive pole of the pile is im- 
Aierscd in the mercury in r, and that which comes from the negative pole is 
^mersed in the mercury in r'. Two strips of copper 6, 6' connect the 
Mercury in the cavities t and v' with the ¥rire w w' which carries the current. 
The apparatus being arranged as represented in Jig. 145., the current will 
V^^9s from the pile to the mercury in r ; thence to v by the conductor c ; 
^ence to ty by the diagonal strip of metal / tf ; thence to w by the metal 6', 
AQd will pass along the wire as indicated by the arrows to b ; thence it will 
I>aa8 to the mercury in t ; thence by the diagonal strip tnf m to t^; thence by 
tlie conductor e' to the mercury in the groove rt ; and thence, in fine, to the 
Negative pole of the pile. 

If the ends ddPhe depressed, and the ends cc' elevated, the course of the 
current may be traced in like manner, as follows : — from r to t; thence by 
& to «/; thence along the conducting wire in a direction contrary to that of 
the arrows to bf : thence to v' ; thence to r' ; and thence to the negative pole 
ofthepUe. 

226. PolU'* reotrope. — Various forms have more recently 
t^een given to reotropes, one of the most convenient of which is 
that of Pohl, in which the use of mercury is dispensed with. 

^our small copper columns a, b, c, Jy,yig. 146., about ^ inch diameter, are 
set in a square board, and connected diagonally, a with d, and b with c, by 

'two bands of copper, which intersect without 

contact. These pillars correspond to the four 

cavities c, t/, t, V in Ampfere*s reotrope. A 

horizontal axis crosses the apparatus similar to 

Ampere's ; the ends of which are copper, and the 

centre wood or ivory. On each of the copper 

ends a bow ac^ b d ot copper rests, so formed, 

that when depressed on the one side or the other, 

it falls into contact with the copper pillars 

A, B, c D. Two metallic bands connect the 

J^jHure j^ and b with clamps or binding screws p and m, to which the ends of 

^^ wire carrying the current are attached. The ends of the horizontal axis 

^''^ attached to conductors which proceed from the poles of the pile. The 

^^^^rse of the corrent may be traced exactly as in the reotrope of Ampere. 




Fig. 146. 
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The •mngcmeiit and mode of opermtion of the me- 
o^^^ Ullk bows, hv depressing one end or the other of which 

♦ .ATlXLrir ^^® direction of the current is changed, is representet^ 
S \ ' i«* l I I in/ig. 147^ where a e is the bow, a and c the two cop— 

per pillars with which it falls into contact on the on^ 
ig* I47* ^^^ ^ lljg other, and p the binding screw connecte^^ 

with the wire which carries the correnL 

227. Btoetrodas. — The designation of poies being usnal^ 
limited to the extreme elements of the pile, and the necessi^ — ' 
often arising of indicating a sort of secondary pole, more or 1^^ 
remote from the pile by which the current enters and leai^::- 
certain conductors. Dr. Faraday has proposed the use of the te=^ 
electrodes to express these. Thus in the reotrope of Amp^.- 
the electrodes would be the mercury in the grooves rr\ Jig, i^ j 
In the reotrope of Pohl, the electrodes would be the ends of ^^i 
horizontal axis p and m. 

This term electrode has reference, howerer, more especiall^^' i 
the chemical properties of the current, as will appear hereafter* ^ 

228. Tlotimg supports for condnettBg wire. — It hap^:>«iij 
frequently in experimental researches, respecting the effect s» 0/ 
forces affecting voltaic currents or developed by them, that the 
wire upon which the current passes requires to be supported or 
suspended in such a manner, as to be capable of changing* its 
position or direction in accordance with the action of such forces. 
This object is sometimes attained by attaching the wire, together 
with a small vessel containing zinc and copper plates immersed in 
dilute acid, to a cork float, and placing the whole apparatus on 
water or other liquid, on which it will be capable of floating and 
assuming any position or direction, which the forces acting upon it 
may have a tendency to give to it. 

229. Ampere's apparatus for supportinc moraMe ear- 
rents. — A more convenient and generally useful apparatus fot 
this purpose, however, is that contrived by Ampere ; which consi^t- 
of two vertical copper rods v v' ^. 148., fixed in a wooden sta^ 
T t', the upper parts being bent at right angles and terminated J 
two mercurial cups y y\ one below the other in the same vertic 
line. The horizontal parts are rolled with silk or coated wi 
gum-lac, to prevent the electricity passing from one to the oth« 
Two small cavities r r' filled with mercury, being connected w 
the poles of a battery, become the electrodes of the apparat 
These may be connected at pleasure with two mercurial cups . 
which are in metallic communication with the rods v v'. ' 
reotrope may be applied to thb apparatus, so as to reverse 
connections when required. 

The wire which conducts the current is so formed at its e 
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M to rati on two pointa in the cups yy\ and to balance 
t^ 10 as to bo ca|>ablo of rovolving fVeolj round the vertical 
^PMtQg through y jf' at an axis. 
^ wire thus arranged ii ropretented in Jig, 149., having it« 





Flf. 141. y\t» i49< 

li reaUng in the oups jf jf', the current passing; fVom the cup y 
*«Ugh the wire, and returning to the cup y\ If the nM>tm))e be 
rented, it will pass fVoiu y^ through the win» and return to y. 
aja ▼•Ipettgr of el^otrlottj* — Numerous experimonts have 
en made, to determine the velocity with which the voltaic our* 
nt is propagated on a conducting wire. Tn 1834 IVofcssor 
lieatstone made a series of ex)H'riment« for this pur|H>se with 
velving reflectors, (Vom whicii it resulteti that a current trans« 
LtM along a brass wire the twelflh of an inch in diameter was 
^opigated with a velocity of 286000 miles |ht second, being 
setter than the velocity of light in the ratio of 286 to 192. 

In 1849 Mr. Walker, of the ITnitiul States, made a series of 
cptriments with a view to solve the SAme problem by means of 
M conducting wires of the electric telegraph. It resulted frtnn 
tt TMoarches that tlie velocity of the current was not mon.' than 
Sooo miles per second, being nearly 16 times less than the 
^oeity determined by lV>fessor "NVheatatone. 

^1850 Messrs. Kixeau and Gounello made a similar series of 
^Kperimcnts witb the telegraphic wires in France, fn)m which the 
'^^J'^winjt results were deduceil : — 

1^ Tlie velocity on an in)n wire the fifth of an inch in diameter 
^ 62700 miles |>or second. 

' • On a copper win.> the tenth of an inch in dismeter it was 
'*oooo miles iHsr second. 

,3 • The two fluids, positive and negative, are propagated with 
* ••'tte velocity. 
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4*^. The force of the pile and the intensity of the current h{ 
no influence on the velocity of propagation. 

5°. Conductors composed of different substances do not g 
velocities proportional to their conducting powers. 



CHAP. IV. 

BSCIPBOCAL INFLUENCE OF SECTIUNEAB CUBBENTS AND 

MAGNETS. 

231. BKatnal action of magrnets and onrrents. — Whei 
voltaic current is placed near a magnetic needle, certain moti< 
are imparted to the needle or to the conductor of the current, 
to both, which indicate the action of forces exerted by the curre 
on the poles of the needle, and reciprocally by the poles of t 
needle on the current. Other experimental tests show that tl 
magnets and currents affect each other in various ways ; that tl 
presence of a current increases or diminishes the magnetic intei 
sity, imparts or effaces magnetic polarity, produces temponu 
magnetism where the coercive force is feeble or evanescent, * 
permanent polarity where it is strong ; that magnets reciprocaL 
affect the intensity and direction of currents, and produce or aire 
them. 

232. Sleetro-maffnetiani. — The body of these and like phen* 
mena, and the exposition of the laws which govern them, constita 
that branch of electrical science which has been denominate 
electro-mognetism. 

To render clearly intelligible the effects of the mutual action 
a voltaic current and a magnet, it will be necessary to consid 
separately the forces exerted between the current and each of tl 
magnetic poles ; for the motions which ensue, and the fore 
actually manifested, are the resultants of the separate actions 
the two poles. 

233. Birection of tbe mntnal forces exerted by a red 
linear current and tbe pole of a magrnet. — To simplify t 
explanation, we shall in the first instance consider only the cs 
of rectilinear currents. 

Let c C, fy. 150., represent the wire along which a voltaic current pasc 
directed from c to o', as indicated by the arrows. Let n n' be a straight I 
which is parallel to the current c c', and which pasises through the magnc 
pole. We shall call this the line of direction of the magnetic pole. LfC 
plane be imagined to pass through these lines c d and n n', and let a line ^ 
be drawn in this plane at right angles to c o' and n m'. 
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The force exerted hj the cnmnt upon 

the magnetic pole, and reciprocally the 

force exerted by the magnetic pole upon 

the corrent, will have a direction at right 

^ I angles to the plane passing through the 

direction ccf of the current, and the line 
of direction v »' of the magnetic pole. 

Thus the line of direction n h' will be 
impelled by a force in the direction of the 
line L B, and the current c </ by a force 
in the direction of the line l/ r'; these 
^j[ lines L B and if Bf being understood to be 
£ / ^ '^ drawn at right angles to the plane pass- 

ing through c c' and n n'. 

But it is necessary to show in which 
direction on the lines L b and U Rf these 
forces respectively act 

This direction will depend on and vary 
with the name of the magnetic pole and 
the direction of the current on the line 
cc/. 
If we suppose the magnetic pole to be 
N an anttral or north pole, and the current 

pig^ , jQ, to descend on the line c cy, as indicated by 

the arrows, let an observer be imagined 
to stand with his person in the direction cd of the current, looking towards 
vx', and the current consequently passing from his head to his feet In 
anch ease the direction of the force impressed by the current on the line n n/ 
^ be directed to the right of such observer, that is, from a towards r. 

If the observer stand in the direction of the line of direction n n' of the 
'iiignetic pole, looking towards the current c c^, the force impressed by the 
jDagnetic pole upon the current will, as before, be directed to his right, that 
^ from B towards b'. 

If the magnetic pole of which n n' is the line of direction be a boreal or 
**^ pole, these directions will be reversed, each line n n' and o c' being im- 
pelled to the left of the observer, who looks from the other line. Thus, in 
sach case, n m' will be impelled by a furce directed from a towards l, and c c 
^y a force directed from b towards l'. 

If the current ascend on the line c <y, the directions of the forces will be 
^e reverse of those produced by a descending current. Thus, when the cur- 
'^t ascends, the line n n' will be impelled to the left of the observer at c c' 
^ the pole be austrtU or north, and to his ri^ if it be boreal or south ; and in 
^ same case the current c <y will be likewise impelled to the left of the ob- 
"^^er at N N' if the |M>le be austral or north, and to his right if it be boreal or 

To impress the memory with these various effects, it ¥rill be sufficient to 
'^'^the directions of the forces produced between a descending current and 
* Aorth magnetic pole. The directions will be the same for an ascending 
^'^nt and a south magnetic pole ; they will be reversed for a descending 
^'^'^nt and sooth pole, or for an ascending current and north pole. 

Thus if the lines of direction of the current and the pole be supposed to be 
^th perpendicular to the surface of this paper, and that the line of direction 

K2 
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of the pole pau through the paper at p, and that of the current at c, 
directions of the forces impressed on the lines of direction of the current 4 
the pole for a descending current and north magnetic pole, or an ascendl 
current and a south magnetic pole, are indicated by the arrows in ^. x 

Fig. 151. Fig. 152. 

and their directions for a descending current and south magnetic pole, or a 
ascending current and a north magnetic pole, are indicated in^^. 152. 

For example, if a current descend on a vertical wire, and the austral c 
north pole of a ma^et be placed so that its line of direction shall betotb 
north of the current, the wire of the current will be impelled by a force directs 
to the weft, and the line of direction of the magnetic pole by a force directe 
to the east 

If the current ascend, or if the pole be a south pole, the wire of tl 
current will be impelled to the east, and the line of direction of the pole 1 
thetpes^. 

234. Cirenlar mettan of maffnette pole round a llzfl 
evrroiit. — If the line of direction of the current be fixed, ao 
that of the magnetic pole be movable, but so connected with tl 
line of tlie current as to remiun always at the same distance fro: 
it, the line of direction of the pole will be capable only of movii 
round the surface of a cylinder whose axis is the direction of tl 
current. In this case the force impressed by the current on tl 
line of direction of the pole, being always at right angles to thi 
line, and always on the same side of it as viewed from the currec 
will impart to the line of direction of the pole a motion of coi 
tinned rotation round the current as an axis. This rotation, 
viewed on the side from which the current flows, will be in tl 
same direction as the motion of the hand of a watch, where tl 
pole is north, as represented in J^ 153*9 and in the contra: 
direction as represented in^. 1 54., where the pole is south. 

235. Clroular motton of a onrrent round a maffnarC 
pole. — A similar motion of continued rotation will be imparts 
to the wire conducting the current, if the line of direction of tl 
magnetic pole be fixed, and the wire be similarly connected wi 
it. In this case the motion imparted by a north pole on a descent 
ing current is represented in ^. 153., and that impressed by 
south pole in^. 1 54. 

336. Apparatoe to esMbtt the dlreetlon of the tm€% fl^ 
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9r«iMd by a reetUinear ewrrent on a mafnette pole.— 

^0 demonstrate the 'direction of the force impressed by a recti- 
linear current on a magnetic pole, let a light 
bar,^. 155., of ivory, or any other substance 
not susceptible of magnetism, made flat at the 
upper surface, be balanced like a compass 
needle on a fine point, so as to be free to 
move round it in an horizontal plane. Let a 
magnetic needle, n s, be placed upon one arm 
^'f it, 80 that one of the poles, the boreal s for example, be exactly 
^ei the point of support ; and let a counterpoise, w, be placed 
^pOQ the other arm. Let the magnet be rendered astatic, so as 
>tot to be affected by the earth^s magnetism by one or other of the 
methods which will be hereafter explained. 

1^ the needle thas suspended be supposed to play round Bt/ig. 156., in the 

P'^ of the paper, and let a voltaic current pass downwards along a wire 

. perpendicular to the paper, c representing 

C the intersection of such wire with the paper. 

./^ '" ^ ^ >* ^ The needle, after some oscillations, will come 

to rest in the position s n, so that its direc- 

\j' tion shall be at right angles to the line c m, 

\ ' drawn from the current to the pole n, and 

\ so that the centre s shall be to the left of N 

J as viewed from c. 

/ It follows, from what has been already 

/ explained, that the force exerted by the 

/ corrent c on the pole n has the direction 

indicated by the arrow from s to m. This 

force is, therefore, directed to the right of ir 

as viewed from c. 

If the wire canying the contnt be moved 

*3 
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Fig. 156. 



'34 



VOLTAIC ELECTRICITY. 



•I / 

/ 

/ 
f 

I 
\ 
\ 



\ 



\ 



-P^ 






&\ 



ii_a 



I 



\ 

\ 

\ 

\ 

I 

/ 



Toand the circle cd eft cf", the pole n will follow it, assoming always sach 
positions, n', n^, n^y that s n', s n^, s ic" shall he at right angles to n\ 
d^v'ft (fn'". It follows, therefore, that whatever position may be given to 
the current, it will exert a force apon the austral or north pole n of the 
magnet, the direction of which will be at right angles to the line drawn from 

the current to the pole, and to the right of 
the pole as viewed iirom the current. 

If the position of the needle be reversed^ 
the pole M being placed at the centre of mo>-> 
tion, the same phenomena will be manifesto!^ 
but in this case the needle will place itself to 
the right of the pole 8 as viewed from th.^ 
current c, as represented in Jig, 157. It fal- 
lows, therefore, in this case, that whatever 
position be given to the current, it will exert 
a force upon the boreal or south pole of tlie 
magnet, the direction of which will be tu 
right angles to the line drawn from the cur- 
rent to the pole, and to the Uft of the pole as 
viewed from the current. 

The current has here been supposed to deteend along the wire. If it ascend 
the effects will be reversed. It will exert a force on the austral pole directed 
to the UfU and on the boreal pole, one directed to the right, 

237. Apparatus to measure intensity of tbis foree. — 

Having indicated the conditions which determine the directions of 
the forces, reciprocally exerted between magnetic poles and a cur- 
rent, it is necessary to explain those which affect their intensity. 
Let 8 N,^. 1 58., be an astatic needle affected by the current c. 



Fig. 157. 
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whose direction is perpendicxdar to the paper, as already 
plained. If n be displaced it will oscillate on the one side and tJ^^ 
other of its position of rest, and its oscillations will be govem^^ 
by the laws explained in the case of the pendulum. The intensi^ 
of the force impressed on it in the direction of the arrows by ti^ 
current c, will be proportional to the square of the number ^^ 
vibrations per minute. 

238. Intensity waries inversely as tlie rtlstaneot — If t^^ 
distance of c f^om ^ be varied, it will be found that the square ^^ 
the number of vibration.^ per minute will increase, in the sa^^^ 
proportion as the distanc*. c n is diminished, and tice vena* ^^ 
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follows, therefore, that the force impressed by the current on the 
pole is increased in the same ratio,, as the distance of the current 
from the pole diminishes, and vice versa. 

Id the case here contemplated, the length of the wire carrying 
the current being considerable, each part of it exercises a separate 
force on n, and the entire force exerted is consequently the result- 
ant of an infinite number of forces, just as the weight of a body 
is the resultant of the forces separately impressed by gravity on 
its component molecules. Laplace has shown that the indefinitely 
small parts into which the current may be supposed to be divided, 
exert forces which are to each other in the inverse ratio of the 
squares of their distances from the pole, and that by the compo- 
sition of these a resultant is produced, which varies in the inverse 
proportion of the distances, as indicated by observation. 

From what has been stated, it is evident that if the current, 

fig' 159., be placed at the centre s of the 'circle round which the 

north pole of a magnet is free to move, it will impart to the pole 

a continuous motion of rotation in that circle. If the current 

,,^^ be supposed to move downwards, the pole n will 

y^ — N. be constantly driven to the right as viewed from 

/ \ the centre s (233.), and consequently the magnet 

t ll will move in the direction of the hand of a watch^ 



r II will move in the direction ( 

\ /' as indicated by the arrows. 

v^ If the north Dole n be i 



If the north pole v be placed at the centre, as 

fig- 159- in^. 160., the current still descending, the force 

®*erted on the south pole s will be constantly directed to the left 

*^ "^ewed from the centre, and the magnet will accordingly move 

^ntrary to the hand of a watch, as indicated by the arrows. 






Fig. 161. Fig. x6ft. 

If the current ascend, these motions will be reversed, the north 
P^le moving contrary, and the south according to the hand of a 
^atch, as indicated in^*. 161, 162. 

Descending current acting on north pole (^fig» 1 59.). 
Descending current acting on south pole {Jig, 160.). 
Ascending current acting on south pole (Jig, 161.). 
Ascending current acting on north pole {Jig, 162.). 
^39* Case la TVliieli tlie onrrent is wlfbin, but not mt 
^* «eatro of tlie otrde in wbioli tbe pole revolTea. — K 
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the current be within the circle described by the free pole, bat not 
at its centre, the pole will still.revolve ; but the force which impeb 
it will not be uniform, as it is when the current is at the centra 
Since the force exerted by the current on the pole is inversely 
as its distance from the pole, that force will be necessarily unifonn 
when the current is at the cetitre, the distance of the pole from it 
being always the same. But when the current is within the cirde 

at a point c^fig' 163., different from the centre, 
the distance c n will vary, and the force exerted 
on N will vary in the inverse proportion, increas* 
ing as the distance is diminished, and decreasing 
as the distance is increased. The rotation will 
nevertheless equally take place, and in the same 
direction as when the current c is at the centre* 

240. AotloB of a cnrrent on a magrnot, betli polos bolnc froa« 
— Having thus explained the mutual action of the current, and. 
each pole of the needle separately, we shall now consider the case 
in which a magnetic needle, suspended as usual on its centre, is 
exposed to the action of the current. 

241. Oaao In wmoii tlio onrront is ontoido tlio drolo d^— 
■orlbod by tbo poloo. — Let c (Jigs, 164, 165.), as before, b& fl 





d(taoon<Hng current placed outside the circle in which the poles of 
tho iuhhUo n s play. The forces exerted by the current on the two 
pcilon N and s have in this case opposite effects on the needle, and 
a()iU(H|ttontly it will turn in the direction of that which has the 
gnmtor olToot, and will be in equilibrium when the effects are equal- 
If tho polos Ih« pUiVil at n' and s' {fig, 164.), the force exerted 
on tlioni will niovo m' towards n, and s' towards s, and the needle 
will turn in the din>otion of the arrows by the combined effects of 
both Toroon. "When n' arrives at »", the force, being in the direc- 
(Ion » n", will bo ineffective ; but the force acting on s", the oppo- 
alttt pohs will iHmtinue to turn the needle towards the position k »t 
whnrtt it ia at right angles to c 0. After passing n'^ the force ot^ 
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1 18 effectiye in opposition to that on s, but in a very small degree, 
ao that the effect on s preponderates until the needle arrives at the 
podtbn s N. Here the poles n and s being equally distant from c, 
the forces are equal, and, being equally inclined to s n, have equal 
effects in opposite directions. The needle is therefore held in 
equilibrium. If the needle be moved beyond this position, the 
effect of the force on m predominating over that of the force on s, 
the needle will be brought back to the position s n, and will oscil- 
hite on the one side and the other of this direction, showing that it 
is the position of stable equilibrium.* 

If the pole 8 be placed at s' {fig^ i^SOi ^® effects on the two 
poles 8^ and v' will, as before, combine to turn the needle as indi* 
caled by the arrows, moving the south pole toward s, and the north 
towards n. 

It follows, therefore, that a downward current c, acting as in 
J^«. 164, 165., outside the circle described by the poles, will throw 
the needle into a direction s n at right angles to the line c o drawn 
^m the current to the centre of the needle, the north pole being 
on the right as viewed from the current. 

An ascending current will produce the contrary effects, the north 
pole being thrown to the left as viewed from the current. 

242. Case in wliieli tlie cnrrent paaaea tbroogrli tlie olrole. 
^ If the current pass through the circle described by the poles, 

the needle will rest indifferently in any di- 
rection that may be given to it. In this case 
(Jig, 1 66.), let c be the current. The forces 
it exerts on 8 and n being in the inverse ratio 
of the distances, that which affects s will be 
to that which affects n as c n is to c s. The 
moment of the force on s will therefore be 
c N X G 8, and the moment of the force on k will 
be G 8 X G N. These moments being equal, the 
forces must be in equilibrium f, and the needle 
will therefore remain at rest whatever position 
be given to it. 

243. Case in wliioli tlie cnrrent paeeee 
^% wltbln tlie olrole. — Let the current pass 
\Vg' within the circle described by the poles. In 
this case the effect of the current on the two 
poles 8 and n is opposite in every position. 
If the north pole be at W {Jig. 167.), the 
point of the circle nearest to c, the force on 
n' being greater than the force on s' in the 
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ratio of c s' to c n' (237.), the effect of the force on w^ wHl p: 
dominate, and n^ will be moved towards v, and s^ towards s. 
effects on n will continue to predominate until they arrive at ifl 
position N 8, where the effects become equal, and the needle i^ 
equilibrium ; for here the distances of s and n from c being eq«^ 
the forces are equal ; and since they are equally inclined to 
needle, they have equal effects to turn it in contrary directic^ 
After passing n, the effect on s predominates ; the needle wilL 
brought back to the position n s, and will oscillate on the one si< 
and the other, indicating stable equilibrium. 

If the needle be placed with the pole s' at the point nearest tc 
c (Jig* 168.), the efi&et on s' predominating, s' will be moved 
towards fl^ and s' towards k, and the needle will attain the same 
pontion as in the former case. 

It follows, therefore, that when a de-^ 
scending current passes within the circle 
described by the poles, as represented in 
J^8, 167, 168., the needle will be thrown 
into a direction s m at right angles to the 
line c o drawn from the current to the 
centre of the needle, the north pole point- 
ing to the left as viewed from the current 
^ jgg An ascending current will produce th< 

contrary effect, throwing the north pole t( 
the right. 

It will be observed that the direction of the poles, when tii( 
current is wiihin the circle, is opposite to its direction when it u 
outside the circle. 

244. Apparatus to Ulustrate eleetroHnagrnetio rotation.— 
A variety of interesting and instructive apparatus has been con* 
trived to illustrate experimentally the reciprocal forces manifestec 
between cuiTents and magnets. These may be described generally 
as exhibiting a magnet revolving round a current, or a current re 
yolving round a magnet, or each revolving round the other, inc 
pelled by the forces which the current and the poles of the magna 
exert upon each other. It will be conducive to brevity, in d« 
scribing these effects, to designate a motion of rotation which 
from left to right, or according to that of the hand of a wat(= 
as direct rotation^ and the contrary as retrograde rotation, 
will, therefore, follow from what has been explained, that 
H and 8 express the north and south poles of the magnet, 
A and D express an ascending and descending current, 't 
rotation of each round the other in every possible case will be 
follows : — 
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^' *\ netn^rade. 

We Bfaall danify the apparatua according to the particular 
msuDer in which thejr exhibit the iiction of the forces. 

245. To AMws eltliar pole of m macnet M rovolve round 
s Oxad Toltale enrrent. — Let two bar magnetB be beat into 
the form shown in ^. 169., to that a Bmall part at the middle 
of their length shall be horizontal. Under this part an agate cup 
IB fixed, bj which the magnet is xupported on a pivot. Above the 
horisontal part a small cup containing oiercnr; it fixed. The 
magnets are thus free to revolve on the pivots. A email circular 
canal of mercurf smrannds each magnet a little below the rect- 
angular bend, into which the amalgamated point of a bent wire 
dips. These wires ate connected with 
two vertical rods, which turning at right 
angles above, terminate in a small cup 
containing mercurj. Two similar mer- 
curial cups communicate with the circu* 
lar mercurial canals. If the upper cup 
be put in communication with tjie poai< 
tive pole of a battery, and the lower 
cups with the negative pole, descending 
currents will be established on the ver- 
tical rods ; and if the upper cup be put 
in communication with the negative, and 

M th u ~ii-~ltMi ** lower witi the positive, the currents 

■^ 3 ^ will ascend. Tbe two magnets may be 

placed either with the same or opposite 

^' poles uppermost. The currents pass from 

the vertical rods to the mercury in the circular canals, thence to 

the lower cups, and thence to tbe negative poles. 

When the descending current passes on tbe rods, the north pole 
of the magnet revolves with direct, and the south pole with retro* 
grftde motion. When the current ascends, these motions are re- 

246. To CBiiwo ■ moTAble onrroBt to rerolTo rMind tha 
bad pole of s awcnot. — Let a glass vessel, ^, 17a, be 
nearlj filled with mercury. Let a metallic wire suspended from a 
hook over its centre be capable of revolving while its end rests 
upon the surface of the mercury. A rod of metal enters at tbe 
bottom of the vessel, and is in contact with a magnetic bar fixed 
vertically in the centre of the vessel. When one of the poles of 
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the battet7 is put in commanicaUon witli the iiioTsl>Ie 
wire, and the other with the fixed wire connected witli 
the tnagnet, s current will pass along the mOTabJe 
wire, either to the mercury or from it, according- to 
the connection made with the poles of the batlerj' \ 
and the movable wire will revolve round the magnet, 
> touching the surface of the mercurj with a motini 
I direct or retrograde, according as the current descendi 
>r lacendB, and according to the name of the magaetie 
pole fixed in the centre (i440- 

Let z z', fig. 171., represent a section of a circnllT 
) trough containing mercurj, having an opeoing at Ite 
Fli. In. centre in which is inserted a metallic rod, terminstilig 
at the top in a mercurial cup e. A wire at a 6 A' a' is 
bent so as t« form three Bides of a rectangle, the width b h' corre— 
Bponding with the diameter of the circular trough zx'. A paiaC> 
/ is attached to the middle of i b', which rests iKs- 
the cup c, so that the rectangle is balanced oK»- 
the rod t, and capable of revolving ou the pivo**^ 
as a centre. 

If the mercury in the circular trough be com- — 

nected hj a wire with the negative, while tl*.^ 

, cup c is connected with the positive pole of ^ 

' battery, descending currents will be establish^ ^ 

along the vertical wires ba and i'o'; and if tt» « 

connections be reversed, these currents will a^»" 

If, when these currents are established, the pole of a magnet fc:>« 
qiplied under the centre f, it will act upon the vertical cnrrenC^*^ 
and will cause the rectangular wire abb' a" to revolve round A 
with a motion direct or retrograde, acccrdiflCKg 
to the direction of the current and the name <^ 
the mimetic pole (235.). 

The points of contact of the revolving wiK"«* 
with the mercury may be multiplied by ^*' 
tachtng the ends q a" of the wires to a metaUiO 
hoop, the edge of which will rest in contn^ 
wit^ the metal ; or the wires a b and a* f mi? 
be altogether replaced by a thin copper cylinder 
balanced on a point in the cup at c. 

Another apparatus fbr illustrating this ia Tt- 
presented in j^. 172. A bar magnet is fixed 
vertically in the centre of a circular trough 
centring mercury. A light and hollow ef- 
Under of copper is suspended on a point restUff 1 
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ii in agate cap placed on the top of die magnet, and haTing k 
veronal wire proceeding from it, which terminates in a small 
Botnrial cup p at the top. Another wire connect* the merciuy 
Id the trough with a mercurial cup v. When the cupit p and v 
in put in communication witli the polo of the batterj, a current 
ia eittUiihed on the udea of the copper cylinder c c, and rotation 
Ukv place as alraadj described. 

i doable apparatus of this kind, erected on the two poles of a 
hneahoe magnet, is represeoted in^. 173. 

t^7, Amvsr«*a ^wtkod. — Amp^ adopted the fbUowing 
■HtW ef exMbiting the revolution of a current round a magnet. 
Adosble cylinder of copper c c. Jig. 17^^ about 1^ inohes dia- 




*■"<« and 2} inches high, is supported on the pole of a bar 
'Uagnet bj a plate of metal paaung across the upper orifice of the 
""■Kr cylinder. A light cylinder of zinc z z, supported on a wire 
*tli A, is introduced between the inner and outer cylinders of 
''"Pper, a steel point attached to the whe arch resting upon the 
t"**!* by which the copper cylinders are supported. On intro- 
' ''ocing dilute acid between the copper cylinders, electro- motive 
'^tion takes place, the current passing from the zinc to the acid, 
j^^enoe to the copper, and thence through the pivot to the zinc. 
''«e line being in this case free to revolve, while the copper is 
^ed, and the current descending on the former, the rotation will 
''Q direct or retrograde according as the magnetic pole is north or 
■Oftth. 

If the copper were free to revolve as well as the zinc, it would 
^*n in the contrary direction, since the current ascends upon it, 
^bile it descends on the zinc. Mr. J. Marsh modified Ampere's 
^Ppustns, so as to produce this effect by substituting a pivot. 
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resting in a cup at the top of the magnet, for the metallic ar 
which, in the former case, the copper vessel was sustained. 

A double arrangement of this kind is given in^. 175., 1 
the double cylinders are supported on pivots on the two pole 
horse shoe magnet. The rotation of the corresponding cyli 
on the two opposite magnetic poles will be in contrary direct 

248. To make a magnet torn on Its own axis by a 
rMit parallel to It. — The tendency of the conductor on ^ 
a current passes to revolve round a magnet will not the less 
though the current be so fixed to the magnet as to be inca 
of revolving without carrying the magnet with it. Injf^*. 
the magnet m is sunk by a platinum weight p; its upper 
being fixed to the copper cylinder ww, a current passing 
p to N causes the cylinder to rotate, carrying with it the magi 

Since a magnetic bar is itself a conductor, it is not necesss 
introduce any other; and a current passing along the bar wil 
rotation to it. An apparatus for exhibiting this effect is r 
sented in fig, 177*1 where a magnetic bar is supported i 







Fig. 175. 



Fig. vfd. 



Fig. 177. 



vertical position between pivots which play in agate cups 
circular mercurial canal is placed at the centre of the ma 
and another round the lower pivot. Mercurial cups commuo 
with these two canals. When these cups are put in como 
cation with the poles of a battery, the current will pass bet 
the two canals along the lower pole of the magnet, in the 
direction or the other, according to the mode of connection ; 
the magnet will turn on its own axis with a direct or retrog 
rotation, according to the name of the pole on which the coi 
runs, and to the direction of the current. 
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CHAP. V. 

KBCIPBOGAIi INFLUENCE OF CIBCULATING CUBSENT8 AND 

MAGNETS. 

If a wire p a b c d n {figs. 1 78, 1 79.) be bent into the form of any 
geometrical figure, the extremities being brought near each other 
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Fig. 178. 



Fig. 179. 



without actually touching, a current entering one extremity and 
<leparting from the other, is called a drctUating current. 

249. rront and back of oirculatiiiir eurrent. — If such a 
current be viewed on opposite sides of the figure formed by the 
^ire, it will appear to circulate in different directions, on one side 
^eet, and on the other retrograde (244.). That side on which it 
iippears direct is called the fronty and the other the back of the 
current. 

250. Axis of ourrent. — If the current have a regular figure 
Having a geometrical centre, a straight line drawn through this 
centre perpendicular to its plane is called the axis of the current. 

251. Seeiprocal action of clrcnlatinff current and mar- 
Aetio pole. — To determine the reciprocal influence of a circulating 
current and a magnetic pole placed anywhere upon its axis, let 
^e axis be x c x' (Jig. 1 80.), the plane of the current being at 

^ right angles to the paper, a 

being the point where it as- 
cends, and d the point where 
— it descends through the paper. 
I °. Let N be a north mag- 
netic pole placed in front of 
the current. 

The part of the current at 
^ ^lU exert a force on n in the direction n m' at right angles to 
^ ^ and the part at a will exert an equal force in the direction 



5^ 



--^ ^ / 



pa. 



A 

Fig. 180. 
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N M at right angles to an. These two forces being compounA^* 
will be equivalent to a single force vo* directed from v vlo^. 
the axis towards the current. 

It may be shown that the same will be true for every two poi^- 
of the current which are diametrically opposed. 

2°. Let a south magnetic pole s {Jig* 1 8 1 .), be similarly pli^.^ 
in front of a circulating current. The part d will exert up(^:x: 

a force in the direction a 

M^ perpendicular to s d an.ci i 

*^^ s/\ the left of s as viewed from D 



f>* — f^ and the part a will exert m 

^^^ ,\/ equal force in the direction 

'^^ M ^ 8 M^ to the right of s as viewed 

from A. These two eqnaX 
^' ' * forces will have a resultant 

8 o directed ^0171 the current ; and the same will be true of every 
two points of the current which are diametrically opposed. 

If the magnetic pole be placed at the back of the current, iSm-^ 
contrary effects ensue. 

The same inferences may be deduced with respect to any cir^ 
culating current which has a centre, that is, a point within 9 
which divides into two equal parts all lines drawn through i0 
terminating in the current. 

It may therefore be inferred generally that when a magneto 
oole is placed upon the axis of a circtUating' current, attraction ^ 
repulsion is produced between it and the current; attraction when 
NORTH pole is before, or a south pole behind, and repulsion whes 
a SOUTH pole is before, or a north pole behind. 

252. Zntensity of the force Tanisbes wlien fhe distant 
of the pole bears a very ffreat ratio to the diameter ' 
cnrrent. — Since the intensity of the attraction between the co^ 
ponent parts of the current and the pole decreases as the squ^ 
of the distance is increased, and since the lines nm and nm',,^^ 
180., and SM and sm^ ^. 1 8 1., form with each other a grea-t: 
angle as the distance of the pole from the current is increased^ 
is evident that when the diameter ad of the current bears ii 
inconsiderable ratio to the distance of the pole n or s from it, !:>£< 
attraction or repulsion ceases to produce any sensible effect. 

253. Bnt the direetive power of the pole oontinnes- — 
This, however, is not the case with relation to the directive potter 
of the pole upon the current. The tendency of the forces im- 
pressed by the pole upon the current is always to bring the plane 
of the current at right angles to the line drawn from tiie pole to 

* <« Ifechamcs " (14S.). 
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i centre. Tbere It, ii^ short, a tendencj of tbe line of direotioB 
' tfae pole to talce a position coiaciding with or parallel to the 
^ia of the carrent, and this coincidence may be produced either 
' th« change of poution of the pole or of the plane of the our- 
nt, or of both, according aa either or both are ^ee to move. 
2J4. Syinti mxA iMllotri ««TM»t*. — The force exerted by a 
rcnlating ourrent may be indelinitelj augmented bj causing the 
irre&t to circulate teTeral times round its centre or axis. If the 
in which condacta the current be wrapped with silk or coated 
th an^ nonconducting varnish, so as to prevent the electricilj 
am escaping from coil to coil when in contact, circulating cur- 
nta may be formed round a common centre or axis in a ring, a 
liral, a helix, or any other similar form, so that the forces exerted 
r all their coils on a single niagnetlQ pole may be combined by 
le principle of the composition of force; and hence an extensive 
ass of «lectro-magnetic phenomena may be educed, which supply 
' the same time important consequences and striking experimental 
lutrations of the laws of attraction and repulsion nhich have 
sen just expluned. 

i;;. BK^dlQiiMta rvnder eUwnlaUnc onrrenta montble. 
•Aaipttre'a aDd Dalarlva'a spparatna. — Two expedients have 
MB practised to render a circulating current movable. 
>- By the appuitns of Ampere Hlreidy ducribsd (119.), the wire condnel- 
t Uie cnrrent being bent at the ends, ss repreMnled in fig. iSx,, msj be 
VPnted in the caps ry'M represented in j!$. 14S., so (hat iu plane being 
mcd, It ihall be cspi^e of ravalTing round the lina yy< u an axis. By 
>>■ imngement (be plane of the current con take any direction >l right 
I'm to a horiiontal plane, bat It Is not upable of receiving imy progres- 
^noUoo, 





Fig IB| 

*' Hie litter object is attuned by the floating appantaa of M. Delarive, 
"ta coated wire be formed into a drcnlar ring compoaeJ of several coils. 
^ <oie end of It be attached to a copper call, fig. 183., and the other to a slip 
'tfoc vbich descend) into this cell. Tbe cell being filled with acidulated 
"''i 1 CBrrant will be sstiiblished through tbe wire in tbe direction of tlie 
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Arrows. Tlie copper cell may be inclosed in a class vessel, or attached t 
cork so as to float upon water, and thas be free to assume any position wl« 
the fbrces acting upon the current may tend to give it. 

256. Rotatory motloii imparted to etroular c ur r en t l^^ 
mairnetio pole. — If a magnetic north pole be presented in ftn 
of a circular current, Jig, 182., suspended on Amp^re*s frai: 
J^. 148., the ring will turn on its points of suspension until 
axis pass through the pole. If the pole be carried round in 
circle, the plane of the ring will revolve wUh a correspondic 
motion, always presenting the front of the current to the pole, tl 
axis of the current passing through the pole. 

If a south magnetic pole be presented to the back of the ca^ 
rent, like effects will be produced. 

If a north magnetic pole be presented to the back, or a sou^ 
to the front of the current, the ring will, on the least disturbance 
make half a revolution round its points of suspension, so as 1 
turn its front to the north and its back to the south magnet 
pole. 

257. Pro§rreeelTe motion imparted to it. — If c,Jig, 184., r« 

present a floating circular current, 

north magnetic pole placed anywhe' 

on its axis will cause the ring con 

A- f ^ 1 ^ ducting it to move in that direction 

which its front is presented ; for if ti 
pole be before it at a it will attrs 
the current, and if behind it at m 
^»-'^- will repel it (251.). In either cfl 

the ring will move in the direction, 
which its front looks. 

If a south magnetic pole be similarly placed, it will cause tl 
current to move in the contrary direction ; for if it be place 
before the current at a it will repel it, and if behind it at b it wil 
attract it. In either case the ring will move in the direction U 
which the back of the current looks. 

258. Seciprooal action of the current on the pole. — If the 
magnetic pole be movable and the current fixed, the motion im- 
pressed on the pole by the action of the current will have a 
direction opposite to that of the motion which would be impressed 
on the current, being movable, by the pole being fixed. A nortt 
magnetic pole placed on the axis of a fixed circular current wil- 
therefore be moved along the axis in that direction in which th< 
back of the current looks, and a south magnetic pole in th» 
direction in which the front looks. 

259. Action of a magnet on a circular floating current. -^ 
If a bar magnet sn, Jig. 185., be placed in a fixed position wa< 
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the magnetic axis in 
the direction of a float- 
ing circular current 
A, its north pole n 
** ** being directed to the 

rxmt of the current, the current will be attracted by n and re- 
»^ed by s ; but the force exerted by v will predominate in con 
^[uence of its greater proximity to a, and the current will 
Locordingly move from a towards n. After it passes h, the bar 
>a88ing through the centre of the ring, it will be repelled by v 
Lnd also by s (251.); but so long as it is between n and the 
centre c of the bar, as at b, the repulsion of n will predominate 
>Ter that of s in consequence of the greater proximity of n, and 
tJie current will move towards c. Passing beyond c to b', the 
repulsion of s predominates over that of n, and it will be driven 
back to c, and after some oscillations on the one side and the 
other, it wilt come to rest in stable equilibrium, with its centre at 
the centre of the magnet, its plane at right angles to it, the fh>nt 
looking towards s and the back towards n. 

z6o. Xedproeal aetton of the emreiit on the mavnet. — 
If the current be fixed and the magnetic bar movable, the latter 
'^ move in a direction opposite to that with which the current 
would move, the bar being fixed. Thus, if the current were fixed 
at A, the bar would move to it in the direction of n a, and the 
pole ir passing through the ring, the bar would come to rest, after 
Bome oscillations, with its centre at the centre of the ring. 

261. Case of unstable eqnillbrinm of the onrrent. — If 
tile ring were placed with its centre at c and its front directed to 
't it would be in unstable equilibrium, for if moved through any 
distance, however small, towards n or s, the attraction of the pole 
towards which it is moved would prevail over that of the other 
pole which is more distant, and the ring would consequently be 
^oved to the end of the bar and beyond that point, when, being 
"till attracted by the nearest pole, it would soon be brought to 
^^' It would then make a half revolution on its axis and return 
to the centre of the bar, where it would take the position of stable 
eqiulibrium. 

All these are consequences which easily follow 
from the general principles of attraction and repul- 
sion 'established in (251.). 

262. Case of a spiral oairent. — If the wire 

which conducts the current be bent into the form 

of a spiral. Jig, 1 86., each convolution will exert 

the force of a circular current, and the effect of 

^' ' ' the whole will be the sum of the forces of all the 

L 2 




148 VOLTAIC ELECTRICITY. 

conyolutTons. Such a spiral wUl therefore be subject to the con- 
ditions of attraction and repulsion which affect a circular current 

263. CMrenlar or spiral emreiits exercise tlie same aettoc 
as a maffnet. — In general it may be inferred that circulating 
currents exercise on a magnetic pole exactly the same effects & 
would be produced by another magnet, the front of the currem 
playing the part of a south pole, and the hack that of a north pole. 

264. Case of lieiioal enrrent. — It has been shown that . 
helix or screw is formed by a point which is at the same tim 
affected by a circular and prc^ressive motion, the circular motion 
being at right angles to the axis of the helix, and the progressiva 
motion being in the direction of that axis.* In each convolutioi 
the thread of the helix makes one revolution, and at the sami 
time progresses in the direction of the axis through a space equai 
to the distance between two successive convolutions. 

26 <^. Metliod of nentrallslny the eilDct of tlie profreaslvf 
motion of suoli a onrrent. — If a current therefore be transf 
mitted on a helical wire, it will combine the characters oft 
circular and rectilinear current. The latter character, howeTer, 
may be neutralised or effaced by transmitting a current in a con- 
trary direction to the progression of the screw, on a straight wire 
extended along the axis of the helix. This rectilinear current 
being equal, parallel, and contrary in direction to the progressiT!? 
component of the helical current, will have equal and contrary 
magnetic properties, and the forces which they exert together 09 
any magnetic pole within their influence will counteract etMA 
other. 

266. Bifflit-lianded and left^^banded lieliees. — Helices are 

of two forms : those in which the wire 
turns like the thread of a corkscrew, that 



Fig. 187. ^^1 ^^ ^^ direction of the hands of a watcbi 

Jig, 187.; and those in which it turns in 
a contrary direction, ^5^. 188. 



f J ,gg^ 267. rront of enrrent on eacli Usd- 

— If a current traverse a right-handed 
helix, its front will be directed to the end at which it enters, an^ 
in the left-handed helix to the end at which it departs. 

268. BKaffnetio properties of lieiioal enrrents. — l!bit3^ 
poles determined. — Hence it follows that in a right-handed 
helical current, the end at which the current enters, and whl^^ 
is the positive pole, has the magnetic properties of a south pol^ 
and in the left-handed helix this end has the properties of a nor^ 
pole. 

♦ « Mechanics " (484.). 
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269. faptfrlBiMital Ulvstowttoii •f tliase pr ^ perU — . — The 

inagnetic properties of spiral and helical currents maj be illus- 
trated experimentally by means of Ampere*8 arrangement, fig, 
148., or by a floating apparatus constructed on the same principle 
as that represented in^. 1 83. 

Tlie maimer of forming spiral earreats adapted to Ampere's apparatus is 
npnaented ixifigt, 189. and 19a In^. 189. the spirals are both in the same 
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Fig. 189. 



Fig. 19a 



t^ne, passing through the axis of suspension yy. Vajig. 190. they are in 
plines parallel to this axis, and at right angles to the line joining their 
QQUres, which is therefore their common axis. 

270. Tbe flroBt of a etrenlattBr oiifrent liaa the proper- 
ttsi of a aontb, and tbe 1»aok tbooe of a nortbf mavnetie 

><rts«— According to what has been explained, the front of such a 
spiral current will have the properties of a south magnetic pole, 
tod will therefore attract and be attracted by the north, and repel 
tod be repelled by the south pole of a magnet. If the spirals in 
H' 189., therefore, be so connected with the poles of a voltaic 
a^atem, as to present their fronts on the same side, they will be 
^^ attracted by the north pole and both repelled by the south 

pole of a magnet presented 
to them, that which is nearer 
to the magnet being more 
attracted or repelled than 
the other. If the magnetic 
pole be equally distant from 
them, they will be in equi- 
librium, and the equilibrium 
will be stable if they are both 
repelled, and unstable if they 
are both attracted by the 
magnet. 

To demonstrate this, let 8, fig^ 

191., be the south pole of a mag. 

fiS'i^** net pkced in front of the tw9 

1-3 
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■pirala, irbiwe eaatrai ace it A ind B, eqoall; diaUat IVam s. It l> evidant 
tiimt > perpendicular i O dra¥ni froni g to a b will io tliis caag paw throng 
the middle of A B. The pole s vill, tberefore, according to irhst hju b«M 
Explained, repel tbe two spirals with equal tonei. If the sfdrab be 









A/, being 



B', will be rspelled b^ a greater tbrce, and [beTsfbre a' will be driven back 
iflwardB A, and Bi towards B. Id like niiuner, if tbe; were reraored W the 
positions A'av.the farce repelling b" would t>e greater than tbatwbich i^ieli 

It follows, theretbre, that tbe poeition of eqnllibriani of Ad is in tblsoaN 
■ucb that the sretem will return to it after the slightest distiubaDce on tba 
one aide or the other, and is therefore stable. 

If tbe pole s were the north pole, it would attract both carrenta, and hi 
that tose A' would be more >lronBly attracted than B*, and B" tbaD a", and 
conseqaently the spirals would depart further from the poaitioa A after lb« 
least disturbance. The equilibrium would tberefore be ODstable. 

It will be found, therefore, that when a mrth pak li presented ie^n, er a 
•wCApebieUH^Bach a pair of spiral currents, the sjatem,^ iS^^!, will, on 
the leaat disturbance from the position of unstable equilibrium, turn on its 
axis yy' Ihrosgh half reiolnlion, presenting the fronts of the cnnenta Is 
the south pole, and will there come to rest after some oscillations. 

In thepoaitioD of atatile equilibrium, the Irimt oftbeourrents must tbeiefiirs 
be preeenled to the south pole of the magnet, or the back to tbe north p«le> 

271. AdBptattva at a IwlloMt ovrrent to .kmparc'a *MI 
BelMive'a BppsrMna. — The manner of adaptbg a helical 
cmreDt to Ampere's arrangement,^. 148., ie represented in ^. 
19Z., nnd the manner of adapting it to the floating metliodii 
represented in ^. 193. 




Us- 191. 



Fig. I,). 



The positive wire is carried down from y,;^ 191,, and then coiled tolosa 
beUx from the centre to the extremity. Thence it is carried in a s(J^|U 
direction through the centre of the helix to the olher eilremitr, fnimwhelW 
it isagainionduitedin helical coils back to tbe centre, where it is bentap- 
wards and terminates at tbe negative pole y'. In one half of the belli tH 
current, Uierefore, enters at the centre and iaaues from the extremity, and in 
the other balTit enters at the-extnmity and Issues flrom the' centre. 
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If the helices be both right handed, therefore, the end fVom which the car* 
'^nt iuaes will have the propertien of a north, and that at which it entera 
those of a eoath, magnetic pole. If they be both left handed, this position of 
the poles will be reversed (268.). 

The wire which is carried straight along the axis neutralises that com<* 
ponent of the helical current, which is parallel to the axis, leaving only the 
circular elements effective (265.). 

These properties may be experimentally verified by presenting either pole 
oF a magnetic bar to one or the other end of the helical current The same 
AtL'tractions and repulsions will be manifested as if the helix were a magnet 

272. Aetlon of a lielloAl ourrent on a mavnetlo needle 

B »1«c ed In its aaOs. — If hh^ (Jig, 194.) represent a helical 

^/ -J. current, the front of which 

tlMMWyyUIMIiUM H^* looks towards a, a north mair* 

^ -A. netic pole placed anywhere 

in its axis, either within the 

'^ limits of the helix or beyond 

it» extremities, will be urged by a force directed from a towards c. 

Setween a and h it will be attracted by the combined forces of 

t^le fronts of all the convolutions of the helix. Between h and h^ 

it will be attracted by the fronts of those convolutions which are 

to the left of it^ and repelled by the backs of all those to its right. 

£eyond h^ towards c, it will be repelled by the backs of all the 

^convolutions. In all positions, therefore, it will, if free, be moved 

from right to lefl, or in a direction contrary tq that towards which 

the front of the current is directed. 

If the pole were fixed and the current movable, the helix would 
^ove from right to lefl, or in that direction towards which the 
^at of the current looks. 

If the magnetic needle sn,^. 195., be placed in the centre of 
^ axis of a helical current with its poles equidistant from the 

extremities, the south pole 
B 8 being presented towards 
that end f to which the 
front of the current looks, 
it will be in equilibrium, 
the pole N being repelled 
towards b, and the pole s 
j?jg^ ,^^ towards rby equal forces ; 

for in this case the pole n 
^lU be attracted towards b by all the convolutions of the helix 
^^^''^n N and b, and will be repelled in the same direction by all 
^ Convolutions between n and p ; while the pole s will in like 
'^^•'^er be attracted towards r by all the convolutions between 
' ^d F, and repelled in the same direction by all the convolutions 
*^*^een s and b. 

L4. 
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' The needle sn, being thus impelled by two equal forces diie:^-^^^ 
from its centre, will be in stable equilibrium. 

If the directions of the poles were reversed, they would b c^. ^, 
pelled by two equal forces directed from its extremities tof^-^t/^ 
its centre, and the equilibrium would be unstable. 

When the magnetic needle is sufficiently light, and the h«l/es/ 
current sufficiently powerful, a curious effect may be obserred^ 
if the needle be placed within the helix so as to rest upon the loirer 
parts of the wire. Before the current is transmitted, the needle 
will rest on the wires under the position sn represented in 
Jig, 195*; but the moment the connection with the batteiy 19 
made, and the current established, it will start up and place itself 
in the middle of the axis of the helix, as in the figure, where it will 
remain suspended in the air without any visible support. 



CHAP. VI. 

ELECTRO-MAGNETIC INDUCTION. 

273. XnduetlTe elfeet of a Toltato cvrreiit upon ft ttsf 
net. — The forces which a voltaic current impresses upon the pol^^ 
of a permanent magnet, being similar in all respects to those with 
which the same poles would be affected by another magnet, it mfty 
be expected that the natural magnetism of an unmagnetised body 
^ould be decomposed, and polarity imparted to it by the approach 
of a voltaic current, in the same manner as by the approach of a 
magnet. Experiment accordingly confirms this consequence of 
^he analogy suggested by the phenomena. It is, in fact, found that 
a voltaic current is capable of decomposing the natural magnettsm 
of magnetic bodies, and of magnetising them as effectually as the 
most powerful magnets. 

80ft Iron rendered mavnetlo by woltato cvrrents. — If th6 
wire upon which a voltaic current flows be immersed in filings of 
soft iron, they will collect around it, and attach themselves to it id 
the same manner as if it were a magnet, and will continue to 
adhere to it so long as the current is maintained upon it ; but th6 
moment the connections with the battery are broken, and the 
current suspended, they will drop off. 

ftewinff needles attraoted by current. — Light steel sewing 
needles being presented to the wire conducting a current wil* 
instantly become magnetic, as will be apparent by their assomin^ 
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ttion flit right angles to the wire, as a magnetic needle would 
der like circumstances. When the current b suspended or 
red, the needles will in this case retfun the magnetism im« 
1 to them* 

274. Xaffnetlo indaotlon of a liellOAl ourrent* 
-^ To exhibit these phenomena with greater effect and 
certainty, the needles should be exposed to the influence 
not of one, but of several currents, or of several parts of 
' the same current flowing at right angles to them. This 
is easily effected by placing them within a helical 
current. 

Let a metallic wire coated with silk or other nonconductor be 
mlled helically on a glass tube, Jig* 196., and the cnrrent being 
made to pass along the wire, let a needle or har of steel or hard 
iron be placed within the tube. It will inatcmtameouMly acquire all 
the magnetism it is capable of receiving under these circum- 

7 stances. 

^ On testing the needle it will be found that its boreal or south 
pole is at that end to which the front of the cnrrent is presented ; 
and, consequently, for a right-handed helix, it will be towards 
the positive^ and for a left-handed helix towards the negative 

j^^ pole. It appears, therefore, that the needle acquires a polarity 
identical with that which the helix itself is proved to possess* 

|i. PoUurttj' . produced by tbe indaotlon of lielioal eiu> 
rent. — In the case of the right-handed helix, 
if represented in Jig, 196., the current passes in 

kQ the direction indicated by the arrows, and con- 
^ ...<t sequently the austral pole will be at a and the 
5 >g boreal pole at d. In the case of the left-handed he« 
^ Wxfig. 197., the position of these poles a and h is 
' W-^ reversed in relation to the direction of the cur- 
rent, but the boreal pole h is in both cases at 
that end to which the front of the current looks. 
^ 276. Consequent points produced. — If the 

helix be reversed once or oftener in passing 
^ along the tube, being alternately right-handed 
I »4£ x ^°d lefl-handed, as represented in Jig, 198., a 
3I' consequent point will be produced upon the bar 

Tat each change of direction of the helix. 
277. XnduetiTe notion of common elec« 
tridty produces polarity. — It is not only by 
97» Fig. 198. ^jjg induction of the voltaic current that mag- 
polarity may be imparted. Discharges of common elec- 
y transmitted along a wire, especially if it have the form 
helix, will produce like effects. If the wire be straight, the 
moe is feeble* Sparks taken from the prime condiictor pror 
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duce sensible effects on very fine needles; but if the wire be 
placed in actual contact with the conductor at one end and the 
cushion at the other, so that a constant current shall pass along it 
from the conductor to the cushion, no effect is produced. The 
effect produced bj the spark is augmented as the spark is more 
intense and taken at a greater distance from the conductor. 

If the wire be formed into a helix, magnetic polarity will be 
produced by a continuous current, that is, by actv^y connecting 
the ends of the wire with the conductor and the cushion : bat 
these effects are much more feeble than those produced under like 
circumstances by the spark. 

All these effects are rendered much more intense when the dis^ 
charge of a Leyden jar, and still more that of a Leyden battery, 
is transmitted along the wire. When these phencunena were first 
noticed, it was assumed that the polarity thus imparted hj 
common electricity must necessarily follow the law which prevail 
in the case of a voltaic current, and that in the case of helices the 
boreal or south pole would be presented towards the front of thi 
current. Savary, however, showed that the effects of commoi 
electricity obey a different principle, and thus established a fui^ 
damental distinction between the voltaic current and the electrfi 
discharge. 

' 278. OoBditloBa on wkieli a needto la mairnottaed po*=: 
tlTely and neffattvely. — When an electric discharge is traiw 
mitted along a straight wire, a needle placed at right angles to t^ 
wire acquires sometimes the polarity of a magnetic needle, whL.'^ 
under the influence of a voltaic current would take a like positi<^j 
that is to say, the austral or north pole will be to the right of ; 
observer who looks at the needle from the current, his head b^j 
in the direction from which the current flows. The needle is 
this case said to be magnetised positive^. When the opposti 
polarity is imparted to the needle, it is said to be magnetise 
n^ativefy, 

279. Xesalta of Bmwwpj** ozpeiiments. — Savary sho^re< 
that needles are magnetised by the discharge of common eleci 
tricity, positively or negatively, according to various conditioiu^ 
depending on the intensity of the discharge, the length of tiM 
conducting wire, supposing it to be straight, its diameter, tbe 
thickness of the needles, and their coercive force. In a series of 
experiments, in which the needles were placed at distances from 
the current increasing by equal increments, the magnetisation 
was alternately positive and negative; when the needle was lA 
contact with the wire, it was positive ; at a small distance n^g^ 
tive; at a greater distance 'no magnetisation was produced; ^ 
further increase of distance produced positive magnetism; ftn4 
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•fter sereral altematioiM of this kind, the magnetisation ended in 
being positive, and continued positive at all greater distances. 

The number and frequency of these alternations are dependent 
en the conditions above mentioned, but no distinct law showing 
their relation to those conditions has been discovered. In general 
it may be stated that the thinner the wire which conducts the 
current, the lighter and finer the needles, and the more feeble 
their coercive force is, the less numerous will be those periodical 
changes of positive and negative magnetisation. It is sometimes 
found that when these conditions are observed, the magnetisation 
is positive at all distances, and that the periodic changes only 
affect its intensity. 

Similar effects are produced upon needles placed in tubes of 
wood or glass, upon which a helical current is transmitted. In 
these cases, the mere variation in the intensity of the discharge 
produces considerable effect. 

280. MaynetlMii Imparted to tba veedla aflboted by tba 
nomnaffnatie subataiiea wlitoli surrannds it. — Savary also 
ascertained a fact which, duly studied, ooay throw much light on 
the theory of these phenomena. The quantity of magnetism im- 
parted to a needle by an electric discharge, and the character of 
its polarity, positive or negative, are affected by the nonmagnetic 
envelope by wb«^h the needle is surrounded. If a needle be in« 
serted in the axis of a very thick cylinder of copper, a helical 
current surrounding the cylinder will not impart magnetism to it. 
If the thickness of the copper envelope be gradually diminished, 
the magnetisation will be manifested in a sensible degree, and it 
will become more and more intense as the thickness of the copper 
is diminished. This increase, however, does not continue until 
the copper envelope disappears, for when the thickness is reduced 
to a certain limit, a more intense magnetisation is produced than 
when the uncovered needle is placed within the helix. 

Envelopes of tin, iron, and silver placed around the needle are 
attended with analogous effects, that is to say, when they consist 
of very thin leaf metal they increase the quantity of magnetism 
which can be imparted to the needles by the current ; but when 
the metallic envelope is much thicker, th^y prevent the action of 
the electric discharge altogether. Cylinders formed of metallic 
filings do not produce these effects, while cylinders formed of 
alternate layers of metallic and nonmetallic substances do produce 
them. It is inferred from this that solutions of continuity at right 
angles to the axis of the needle, or to that of the cylinder, have an 
influence on the phenomena. 

281. formation of powarftil alaotro-marnata. — The in- 
ductive effect of a spiral or helical current on soft iron is still 
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« eoergeUc than on Bteel or otKer bodies haviog Inore or Un 
e force. The property enjoyed by soft iron, of auddenly 
kcquirinj; nugneciim from any external latgnetMag agent, Mid u 
suddenly losing its msgnetiBin upon the suspension of such tgemojf 
hu supplied the means of prodnciag the lemporBry magneta which 
are known under the name of tUetro-magnet*. 



Then 



»99- 




Fig. .99. 
a horse shoe, and of a wire wrapped with silk, which is coUed Gnt 
on one arm, proceeding from one extremity to the bend of the 
horse Bboe, and then upon the other from the bend to the otlwr 
extremity; care being taien that the convolutions of the spiral 
shall follow the same direction in pasting from one leg to tha 
other, since, otherwise, consequent points would be produced. 
Ad armature is applied to the ends of the horse shoe which will 
adhere to them so long as a voltaic current flows upon the wire. 
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lit which will drop off the moment that luch cnrrent is div 
>ntiiined. 
i8i. c 
—The force of the electro-magnet n 
f the hone shoe and the armature, the intensit;r of the current, and 
ae nnmber of convolutions with which each leg of the hone shoe is 
TiHjped. 

ii^. MIeeto»4n>Kiiet or Wuioaitf or Selcnoea >t Wmrta. — ■ 
niSjoanelectro-magnet of extraordinary power wai constructed 
mdcr die superintendence of M. Pouillet at Paris. This ap- 
•ttilas, represented in j^. 200., consists of two horse shoes, the 
^ of which are presented to each oilier, the bends bang turned 
o contrarj directions. The superior horse shoe is fixed in tlie 
frame of the apparatus, the infe- 
rior being attached U> n cross piece 
which slides in vertical grooves 
formed in the sides of the frame. To 
this cross piece a dish or plateau 
b suspended, in which weights are 
placed, by the effect of which the at- 
traction which unites the two horse 
shoes ia at length overcome. Each 
of the horse shoes ia wrapped with 
1 0000 feet of covered wire, and the? 
are so arranged that the poles of 
contrary names shall be in contact. 
With a current of moderate inteu- 
s capable of supporting a weight of several 



— It is found 
t generally to construct electro- magnets of two 
nug^t bars of soft iron, united at one end by a straight bar 
Kngverse to them, and attached to them by screws, so that the 
na of the magnet ceases to be that of a horse shoe, t^e end at 
Udi the l^s are united being not curved but square. The con- 
oetor of the helical current is usually a copper wire of extreme 
anity. 
18;. Wl*t*rn^BtMtn«ae power ivpUod aa « meoIuuileMl 
■•■*• — The property of electro -niagnets, by which they are 
^ftie of suddenly acquiring and losing the magnetic force, has 
'^ei the means of obtaining a mechacical agent which may b« 
Mied as a mover of machinery. An electro-m^oet and its 
^iiitture, such as tliat represented in _;^. igg-, or two electro- 
•gnets, such as those represented in_/^. 200,, are placed so that 
''% the electric current is suspended they will rest at a certain 
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distance fumnder, and when the current passes on ihe wire the) 
will be drawn into contact by their mutual attraction. When th< 
current is again suspended they will separate. In this manner, b} 
alternately suspending and transmitting the current on the win 
which is coiled round the electro-magnet, the magnet and itf 
armature, or the two magnets, receive an alternate motion tc 
and from each other similar to that of the piston of a steam en- 
gine, or the foot of a person who works the treddle of a ladie 
This alternate motion is made to produce one of continued rotation 
by the same mechanical expedients as are used in the application 
of any other moving power. 

The force with which the electro-magnet and its armature 
attract each other determines the power of the electro-motive 
machine, just as the pressure of steam on the piston determines thf 
power of a steam engine. This force, when the magnets are given 
varies with the nature and magnitude of the galvanic pile which i 
employed. 

286. Blaetro-mottve power applied In tbe w«Mrkaliop ^ 
in. rroment. — The most remarkable and beautiful application * 
electro-motive power as a mechanical agent which has been hitheir'' 
witnessed, is presented in the workshops of M. Gustave FromeiE 
of Paris, so celebrated for the construction of instruments of pir^ 
cision. It is here applied in various forms to give motion to ti 
machines contrived by M. Froment, for dividing the limbs of astxx 
nomical and surveying instruments and microscopic scales. Xhi 
pile used for the lighter description of work is that of Daniel, con- 
sisting of about 24 pairs. Simple arrangements are made by 
means of commutators, reometers, and reotropes, for modifying 
the current indefinitely in quantity, intensity, and direction. Bf 
merely turning an index or lever in one direction or another, anj 
desired number of pairs may be brought into operation, so that s 
battery of greater or less intensity may be instantly made to acty 
subject to the major limit of the number of pairs provided. By 
another adjustment the copper elements of two or more pairs, and 
at the same time their zinc elements, may be thrown into connec* 
tion, and thus the whole pile, or any portion of it, may be made to 
act as a single pair, of enlarged surface. By another adjustmeni 
the direction of the current can be reversed at pleasure. . Other 
adjustments, equally simple and effective, are provided, by wfaicl> 
the current can be turned on any particular machine, or directed 
into any room that may be required. 

The pile used for heavier work is a modification of Bunsen^ 
charcoal battery, in which dilute sulphuric acid is used in ik>^ 
porous porcelain cell containing the charcoal, as well as in the c^ 
containing the zinc. By this expedient the noxious fumes of tft^ 
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nitric acid are removed, and although the strength of the battery 
is diminished, sufficient power remains for the purposes to which 
it is applied. 

Tiie fbmis of the electro-motiye machines constructed hj M. 
Froment are very various. In some the magnet is fixed and the 
armatnre movable ; in some both are movable. 

In some there is a single magnet and a single armature. The 
power is in this case intermittent, like that of a single acting 
Bteam engine, or of the foot in working the treddle of a lathe, and 
the continuance of the action is maintained in the same manner 
by tlie inertia of a fly wheel. 

In other cases two electro-magnets and two armatures are 
combined, and the current is so regulated that it is established, on 
each, during the intervals of its suspension on the other. This 
machine is analogous in its operation to the double acting steam 
engine, the operation of the power being continuous, the one 
magnet attracting its armature during the intervals of suspension 
of the other. The force of these machines may be augmented 
indefinitely by combining the action of two or more pairs of 
magnets. 

Another variety of the application of this moving principle pre- 
Bentt) an analogy to the rotatory steam engine. Electro-magnets 
lU'e fixed at equal distances round a wheel, to the circumference of 
^hich the armatures are attached at corresponding intervals. In 
this case the intervals of action and intermission of the currents 
^ 80 regulated, that the magnets attract the armatures obliquely 
*> the latter approach them, the current, and consequently the 
^traction, being suspended the moment contact takes place. The 
^ect of this is, that all the magnets exercise forces which tend to 
^ivn the wheel, on which the armatures are fixed, constantly in the 
^^iQe direction, and the force with which it is turned is equal to 
^ sum of the forces of all the electro-magnets which act simul- 
^eously. 

This rotatory electro-motive machine is infinitely varied, not 
^^Ij in its magnitude and proportions, but in its form. Thus in 
^me the axle is horizontal, and the wheel revolves in a vertical 
PUne ; in others the axle is vertical, and the wheel revolves in a 
horizontal plane. In some the electro-magnets are fixed, and the 
'^'Tnatures movable with the wheel ; in others both are movable. 
IJi some the axle of the wheel which carries the armatures is itself 
''lovable, being fixed upon a crank or excentric. In this case the 
J^heel revolves within another, whose diameter exceeds its own 
^y twice the length of the crank, and within this circle it has a 
"^'pocycloidal motion. 

^«ach of these varieties of the application of this power, as yet 




md of thcboTM ihoe; tf'u the ■nnitim tmtnai bjt twopiDi oiillit*>**' 
lit of lh« leg a (whkh prevoit auy litenl dfTiUion), Uia end /IohB 
inlcd to the lever 9 A, which ia connected with ■ ahort mim .projecting tn^ 
I axil i bT the rod L When the curmit pusea Toood the dectro-nugo^ 
iflever/iidnwndawDl^tlMmttnctiaiiof thel<« iy ud dnwi vitb i^ 
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Iheleverp A, by which t and the short lever projecting from the axis k are 
also driyen down. Attached to the same axis A is a longer arm m, which 
acts by a connecting rod n upon a crank o and a fly wheel o. When the ma- 
chine is in modoii, the lever p A and the armature/ attached to it recover 
their position by tlw momentum of the fly wheel, after having been attracted 
downwards. When the current is again established, the armature / and the 
hvtrgk are again attracted downwards, and the same effects ensue. Thus, 
during each half-revolution of the crank o, it is driven by the force of the 
electro-magnet actii^ oaf, and during the other half-revolution it is carried 
ronnd by the momentum of the fly wheel. The current is suspended at 
the momunt the crank o arrives at the lowest point of its play, and is re- 
^ablished when it returns to the highest point The crank is therefore 
Spelled by the force of the magnet in the descending half of its revolution, 
^nd by the momentum of the fly wheel in the ascending half. 

The contrivance called a distributorj by which the current is alternately 
established and suspended at the proper moments, is represented in fig. 202., 
where y represents the transverse section of the axis of the 
fly wheel; r, a spring which is kept in constant contact 
with it ; X, an excentric fixed on the same axis y, and re- 
volving with it ; and r* another spring similar to r, which is 
acted upon by the excentric, and is thus allowed to press 
against the axis y, during half the revolution, and removed 
from contact with it during the other half-revolution. When 
the spring r/ presses on the axis y, the current is established ; 
Fig. ZQZ. and when it is removed from it the current is suspended. 

It is evident that the action of this machine upon the 
lever attached to the axis k is exactly similar to that of the foot on the 
^^^*^dle of a lathe or a spinning wheel ; and as in these cases, the impelling 
force being intermittent, the action is unequal, the velocity being greater 
during the descending motion of the crank than during its ascending mo- 
tion. Although the inertia of the fly wheel diminishes this inequality by 
absorbing a part of the moving power in the descending motion, and re- 
storing it to the crank in the ascending motion, it cannot altogether efiace it. 
Another electro-motive machine of M. Froment is represented in elevation 
^^fig. 203., and in plan in^. 204. This machine has the advantage of pro- 
<lncing a perfectly regular motion of rotation, which it retains for several 
^ours without sensible change. 

A drum, which revolves on a vertical axis x y, carries on its circumference 

eight bars of soft iron a placed at equal distances asunder. These bars are 

AHracted laterally, and always in the same direction, by the intermitting 

^Uon of six electro-magnets 6, mounted in a strong hexagonal frame of cast 

iron, within which the drum revolves. The intervals of action and suspen- 

^on of the current upon these magnets are so regulated, that it is established 

ypon each of them at the moment one of the bars of soft iron a is approach- 

^^% it, and it is suspended at the moment the bar begins to depart from it. 

-^Qs the attraction accelerates the motion of the drum upon the approach of 

the piece a towards the magnet 6, and ceases to act when the piece a arrives 

^^ front of h. The action of each of the six impelling forces upon each of 

the eight bars of soft iron attached to the drum is thus intermitting. During 

**ch revolution of the drum, each of the eight bars a receives six impulses, 

•"•J therefore the drum itself receives forty-eight impulses. If we suppose 

*^^ drum to make one revolution in four seconds, it will therefore receive a 
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aba comists at dxtwn equal diTinoni, the iltemate diviilooi being 
d with noncondactiiig matter, A metelliu roller A, which carriea the 
Dt, preases cmutantl; on the nirfkca of Ibli disc, towhicti It impute the 
ac Three other metallic rollers t f g preu againat the edge of the 
and, as the disc rarolves, come slteniatsly into coulaet with the coD- 
ng and nonconducting divimoni of it When Che; touch the conducting 
one, the current ie tiaoemltted; when they tonch 
(Hu, the current is interrupted. 
ch of thcee three mlleii t/g ia connected by a conducting wire with the 
icCing wires of two eleclra-magnste diametrically opposed, as is indi- 

injS^ 104., M that the current ia Ihua alternately eatabliabed and lua- 
•d on the sereml electro-magnets, aa the conducting and nonconduct- 
innona of the disc paaathe roUen e,f, and^. 

FiomeDt has edited a regulator cu this machine, which plays the part^ 
e gavemor of the aCeam engine, moderating the force when the action. 
t pile bacomea too Mroag, and augmeuting it when it becomes too 




dirided circle m «, /bj. 103., b«i been annexed to the machine at the 
ti«ioii of M. Ponillet, by which varione important physical eiperimenti 

•otherformof this machine, in which the drum carrying the bars of soft 
fevolves npon a horiiontal axis, ia shown in fy. 105. 
•nd B ue the points where the current enters and leavea the machine, 
M 2 
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2S7*. TIM •leetro-motlTa machine »f M> aaiirbaiue> fig. 

206., consists of four hollow cylinders a a, b 6, round wbicb Uie 
couducting wire is coiliid. Into the cores of these cylinders pass 




four rods of sofl iron attached to the crosB pieces Aa and nfc 
These cross pieces are themselves attached at their middle poiuta 
by the rods r and p to the extremities of the working beam r> 
One arm of this beam, being prolonged, is jointed at 1 to a con- 
necting rod I H, which is connected with a crank at b. Upon the 
axis of this crank a fly wheel is fixed by which the varying eflect 
of the crank ia equalised. Upon the other extremity of the alia 
another crank t is fixed, which is joined by s horizontal connecting 
rod with a plate which slides to and fro in jirooves made in llie 
top of the box N 8. 

The four soft Iroa rode attached to the crora places A a and Bbextind leM 
than half way down the axes of the four cyiindeni. Four other limilu cait 
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inm rods are rimilarly connected below by cross pieces k, and pass up the 
ues of the cylinders less than half way, so that a space remains between 
the extremities of the two sets of rods above and below. 

The diding plate u consists of a piece of metal in the middle, and slips 
of ivory at the ends, the middle being always in connection with the positive 
pole of the voltaic battery. Two conducting wires, each of which is con- 
nected with the negative pole of the battery, are connected with the spiral 
ooib which are fixed upon the base ; and the ends of these coils are so placed 
that they press constantly on the sliding plate u. When this plate slides to 
the right, the end of the wire of the left hand coil rests upon the ivory, and 
its connection with the battery is broken ; but that of the right hand coil 
nstinpon the metal, and its connection with the batteiy is completed. When 
the plUe u moves to the left, the connections are reversed, and the left hand 
coil is connected with the battery, the right hand coil being disconnected. 

In this way the current is alternately transmitted and suspended on the 
two wires proceeding from the coils. These wires are connected respectively, 
one with Uie wire coiled upon the cylinders a a, and the other with the wire 
coiled on the c^'linders b b. The current is therefore transmitted altematelv 
tknogh the coils npon the pairs of cylinders placed under each extremity of 
thebflun, and renders momentarily magnetic the rods of soft iron inserted in 
Mr OOTML The coils are so arranged, that the poles of the upper and lower 
•betnHnuigiiets presented to each other have contrary names, and they con- 
mtpmldy attract each other. The lower rods being fixed, draw the upper 
lidt UmwrdB them when the current passes, and disengage them when it is 
ntfmML In this way the ends of the beam f are alternately drawn down, 
oAa VM>tioo of continuous rotation is imparted to the crank shaft, which is 
. bj the fly wheel. 



S88. Applied as a sonometer. — This machine has been ap- 
llad with much success as a sonometer, to ascertain and register 
Unetly tlie number of vibrations made by sonorous bodies in a 
pran nme. 

. SS9. Momentary eurrent by Induction. — If a wire a, on 
vbich a yoltaio current is transmitted, be brought into proximity 
with and parallel to another wire b, the ends of which are in me- 
tallic contact either with each other, or with some continuous 
system of conductors, so as to form a closed circuit, the electric 
equilibrium of the wire b will be disturbed by the action of the 
current a, and a current will be produced upon b in a direction 
opposite to that which prevails on a. This current will, however, 
|>e only momentary. After an instant the wire b will return to 
Its natural state. 

If the wire a, still carrying the current, be then suddenly re- 
^eA from the wire b, the electric equilibrium of b will be again 
Curbed, and as before, only for a moment ; but in this case the 
^Ttent momentarily produced on b will have the same direction 
^ the current on a. 
If the contact of the extremities of the wire b, or either of 

M 3 
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them with esch other, or with the intennediate system of con^ 
doctors which complete the cireuiu be broken, the approach 01 
remoTal of the current a will not produce these effects on the 
wire B. 

I^ instead of moTing the wire a to and from it, the wires, bolli 
in their natural state, be placed parallel and near to each other, 
and a current be then suddenly transmitted on a, the same ^ed 
will be produced on b as if a, already bearincr the current, had 
been suddenly brought into proximity with b ; and in the same 
way it will be found that if the current established on a be sud- 
denly suspended, the same effect will be produced as if a, stiL 
bearing the current, were suddenly removed. 

These phenomena may be easily exhibited experimentally, b^ 
connecting the extremities of the wire a with a voltaic pile, and 
the extremities of b with the wires of a reoscope. So long as the 
current continues to pass without interruption en a, the needle 
of the reoscope will remain at rest, showing that no current passes 
on B. But if the contact of a with either pole of the pole be 
suddenly broken, so as to stop the current, the needle of tlie 
reoscope will be deflected for a moment in the direction which 
indicates a current similar in direction to that which passed on 
a, and which has just been suspended ; but this deflection will 
only be momentary. The needle will immediately recover its 
position of rest, indicating that the cause of the disturbance has 
ceased. 

If the extremity of a be then again placed suddenly in contaei 
with the pile, so as to re-establish the current on A, the needle of 
the reoscope will again be deflected, but in the other direction, 
showing that the current produced on b is in the contrary direc- 
tion to that which passes on a, and, as before, the disturbance 
will only be momentary, the needle returning immediately to its 
position of rest. 

These momentary currents are therefore ascribed to the in- 
ductive action of the current a upon the natural electricity o^ 
the wire b, decomposing it and causing for a moment the positirc 
fluid to move in one direction, and the negative in the other. I^^ 
is to the sudden presence and the svdden absence of the eurrera^' 
A, that the phenomena must be ascribed, and not to any actic^^ 
depending on the commencement of the passage of the currec 
on A, or on its discontinuance, because the same effects are pre? 
duced by the approach and wiMraxoal of a while it carries tl:9 
current, as by the transmission and discontinuance of the curre^^ 
upon it. 

290. Biq^Tlmental lUnatratloii. — The most convenient for^ 
of apparatus for the experimental exhibition of these momenta^" 
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currents of induction, con- 
sists of two wires wrapped 
with silk, which are coiled 
round a cylinder or roller of 
wood or metal, as represented 
in fig, 207. The ends are 
separated in leaving the roller, 
so that those of one wire may 
Flg.j^. be carried to the pile, and 

those of the other to the reo- 
scope. The effect of the inductive action is augmented in pro- 
portion to the length of the wires brought into proximity, other 
things being the same. It is found that the wire b, which receives 
the inductive action, should be much finer and longer than that, 
A, which bears the primary current. Thus, for example, while 
150 feet of wire No. 18. were used for a, 2000 feet of No. 26. 
vere used for b. 

The effect of the induction is greatly augmented by introducing 
ji cylinder of soft iron, or, still better, a bundle of soil iron wires, 
into the core of the roller. The current on a renders this mass 
of soft iron magnetic, and it reacts by induction on the wires con- 
ducting the currents. 

291. Momantarj cmrents produead by mairiietle Indue- 
ttoB. — Since, as has been shown, a magnetic bar and a helical 
current ai*e interchangeable, it may naturally be inferred that if a 
helical current produces by induction momentary currents upon 
a helical wire placed in proximity with it, a magnet must pro- 
dace a like effect. Experiment has accordingly confirmed this 
inference. 

292. Bzperlmaiital Ulnstratioiui. — Let the extremities of a 
<?overed wire coiled on a roller, fig. 208., be connected with a 
i^oscope, and let the pole of a magnet be suddenly inserted in the 
Core of the coil. 

A momentary deflection of the needles will be produced, similar to that 

'Which would attend the sudden approach of the end of a helical current 

having the properties of the magnetic pole which is presented to the coil. 

Ilms the horeaH pole will produce the same deflection as the fnmtj and the 

a«itra/ pole as the hack of a helical current. 

' In Hke manner, the sudden removal of a magnetic pole from proximity 

"'Hth the helical wire will produce a momentary current on the wire, simi- 

^ to that which would be produced by the sudden removal of a helical 

current having like magnetic properties. 

The sudden presence and absence of the magnetic pole within the coil 
^ wire on which it is desired to produce the induced current may be caused 
iBore conveniently and efficiently by means of the effects of magnetic in- 

M 4 
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^■ciioa oi wft Im. The bubbbt cf tppljing thi« phiidpla to the pf*-^ 







TerMd in passing from om leg of tha hona ahiN lo 
the otlwr, so that tha curaiit in puaiug oo todi 
lag maj hiTa its liaat pnacoMd id oppoaiu dl- 
rectiona. Tba cxtremitict of Iha win an cv- 
nected nitL those of ■ rooacope at ■ mffidsnt dis- 
tance from the magnet to prayant 
ftma beiog distorbed by the inBiwiice of tt 



.y. 

^^^^r If the pslei a b of the magsot be aoddiDly 

f . brought near the ends of the laga of tbe hone ihao 

' ipca, the needle (f the reoacope vill indicala Ih^ 

exiMmce of a nioinenUr)- cnrrent oo the coil ctf wire, the diroctioa rfwUcto 
vill be oppoaile to that irbicb would chaiacteriao tl 
inparled bv indnctioa to tbe borse ahoe ■ ca. If the m 
■oddenly removal, » 
the noeci^ will again in^cate tl 

direction of which will now. howerm-, be that which thwHw 
laritj' imparted to tbe horse ahoa Men. 
It appears, therefor^ as might be expected, that the soddea decanpodti.^ 
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^sd recompodtion of the magnetic fluids in the soft iron contained within 
^lie coil has the same effect as the sodden approach and removal of a 

■^Hagnet. 

293. Xndiiottve aflbets produoed by a parmanant mafnat 
v^erolTliiff uBdar an alaetro-maffnat. — If the magnet a b were 
mounted so as to revolve upon a vertical axis passing through the 
centre of its bend, and therefore midway between its legs, its poles 
might be made to come alternately under the ends of the horse 
shoe m n, the horse shoe men being stationary. During each 
Involution of the magnet aby the polarity imparted by magnetic 
indaction to the horse shoe would be reversed. When the austral 
pole a passes under m, and therefore the boreal pole under n, m 
would acquire boreal and n austral polarity. After making half 
arerolution b would come under m, and a under n, and m would 
toqnire by induction austral and u boreal polarity. The momen- 
tiiy currents produced in the coils of wire would suffer correspond- 
i^gdmigea of direction consequent as well on the conunencement 
Him the cessation of each polarity, austral and boreal. 

To trace these vicissitudes of the inductive current produced 
vpon tiie wire, it must be considered that the commencement of 
ittstral polarity in the leg m, and that of boreal polarity in the leg 
n, give the same direction to the momentary inductive current, 
inasmach as the wire is coiled on the legs in contrary directions. 
In the same manner it follows that the commencement of boreal 
polarity in m, and of austral polarity in it, produce the same 
inductive current. 

The same may be said of the direction of the inductive currents 
consequent on the cessation of austral and boreal polarity in each 
of the legs. The cessation of austral polarity in m, and of boreal 
polarity in n, or the cessation of boreal polarity in m, and of austral 
polarity in n, produce the same inductive current. It will also 
follow, from the effects of the current and the reversion of the coils 
^ passing from one leg to the other, that the inductive current 
produced by the cessation of either polarity on one leg o£ men 
^lU have the same direction as that produced by the commence- 
"^ent of the same polarity in the other. 

If the magnet a b were made to revolve under m c n, it would 
'*^6i^fore follow that during each revolution four momentary cur- 
'GOts would be produced in the wire, two in one direction durins: 
^'ie semi-revolution, and two in the contrary direction during the 
^^*^er semi-revolution. In the intervals between these momeutury 
^^^ents the wire would be in its natural state. 

Xt has been stated that if the extremities of the wire were not in 

^^tallic contact with each other, or with a continuous system of 

^iiductors, these inductive currents would not be produced. This 
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condition supplies the means of producing in the wire an inter- 
mitting inductive current constantly in the same direction. To 
accomplish this, it will be only necessary to contrive means to 
break the contact of either extremity of the coil with the inter- 
mediate conductor during the same half of each successive revolu- ^ 
tion of the magnet. By this expedient the contact may b^ 
maintained during the half revolution in which the commencement^ 
of austral polarity in the leg m, and of boreal in the leg n, and th^ 
cessation of boreal polarity in the leg m, and of austral in the ler ^ 
It, respectively take place. All these changes produce momentar— ~ 
currents having a common direction. The contact being brok^^-: 
during the other semi-revolution, in which the commencement <zs 
boreal polarity in fit, and of austral in it, and the cessation ^^j 
austral polarity in nr, and of boreal in it, respectively take placse^ 
the contrary currents which would otherwise attend these changes 
will not be produced. 

294. Vse of a contact breaker. — If it be desii*ed to reverse 
the direction of the intermitting current, it will be only necessary 
to contrive a contact breaker^ which will admit of such an adjust- 
ment that the contact may be maintained at pleasure, during either 
semi-revolution of the magnet a b, while it is broken during tlie 
bther. 

295. Blaimeto-electric mactaines. — Such are the principles 
on which is founded the construction of magneto-electric machines, 
one form of which is represented in^. 210. The purpose of this 
apparatus is to produce by magnetic induction an intermitting 
current constantly in the same direction, and to contrive means by 
which the intervals of intermission shall succeed each other so 
rapidly that the current shall have practically all the effects of a 
current absolutely continuous. 

A powerful compound horse shoe magnet a is firmly attached by bolts 
and screws upon an horizontal bed, beyond the edge of which its poles a and 
b extend. Under these is fixed an electro-magnet xy, with its legs ver- 
tical, and mounted so as to revolve upon a vertical axis. The covered wire 
is coiled in great quantity on the legs xt, the direction of the coils being 
reversed in passing from one leg to the other ; so that if a voltaic current 
were transmitted upon it, the ends x and t would acquire opposite po- 
larities. 

The axis upon which this electro-magnet revolves has upon it a small 
grooved wheel/, which is connected by an endless cord or band n, with a 
large wheel R driven by a handle m. The relative diameters of the wheels 
R and /is such that an extremely rapid rotation can be imparted to XT by 
the hand applied at m. 

The two extremities of the wire proceeding from the legs x and T i^ 
pressed by bprings against the surfaces of two rollers, c and d, fixed upon 
the axis of the electro-magnet. These rollers themselves are in metallic 
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codmcUhi with « pair of htndlet p uid K, to which the comnt avoir 
Ux Hire of th> dacUD-Diignet X T will Uiua b< conducted. 
If the dectro-nKgnct x t be now put in roKIion by the htndle m 




MndlM T and H bdng connected hj «ny contlrnoaa conductor, ■ syatem of 
"^lanaittitig end iltemeteljr coDtruy correnti will be pivduced in the 
J'fe »nd In the conductor bj which the bundles e and n are connected. 
^■■tiftheroUencaDd d arc Bo contrived that the contact of the ends of 
'*« wire with them ahail be only maintained durinB a aemi-niTolution, in 
*''ch the iDterxniCtlng carranta have a common direction, then, the current 
f^ftamitt*! through the conductor connecting the handles p and h will be 
""ermitting, but not contrary ; und by increasing the velocity of rotation 
"' the electro- magnet it, the intervals of intermi anion may be marte to 
'"ccei^ each other with Indefinite celerity, and the current will thus acquire 
•" the character of « continuous current, 

llie contrivances by which the rollers c and d are made to break the 
'^'••Itact, and re-aatabliah It with the neceasary ropularily and certainty, are 
prions. They may be formed as txceiiMci, so as to approach to and recede 
"^>ni the enda of the wire as they revolve, tooehing them and retiring from 
'•"em at the proper momenta. Or, being circular, they may cons! at alter- 
nately of conducting and nonconducting materiala. Ilius one half of tlie 
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rarfkce of uch roller may be metal, wbile the other ii wood, horn, or imj. 
When tbo end of the wire toocbeB the latter the corrent is aaspeodad, wheo 
it toDcbea the former it It maintained. 

296. mteta ortUa macWwe — Xta in«dlo»l uaa. — All ibe 
usual elTects of voltaic currents ma; be produced with this appara- 
tus. If tlie handles p and h be held in the hands, the arms EiDd 
body become the conductor tluough irhich the curreDt paeaes from 




If XT be made to revolve, shocks a 
nsupportable when the motioD of XT acquin 



felt, which becoiM 
a cert^ rspidit]'. 
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be detired to give local shocks to cerUin parts of the bod j, 
idi c^ the operator, protected bj noncondncUng glovei, 
lot knobs at the ends of the handles to the parts of the 
etween wbich it is desired to produce the voltaic shock. 
Olaika'a appaimtn*. — In mother fonn of this spparUnt, 
tnicted bj Mr. Clarke, of London, the magnet '»,fig- 3ti I., 
id verdcallj, and the electro -mngnets x ■' revolve on a 
ital axis, upon which the contact breaking apparatus oc is 
In other respects this does not differ in principle from that 
ed above. 

manner of applying it to the decomposition of water is 
in^. % 1 2. This phenomenon will be more fully explained 




rodace and apply physiological effects the wire rolled upon 
ctro-raagnet must be very fine, and have a total icngtb of 
1000 feet. To produce physical effects, on the contrary, the 





lionid be thick, about roo feet being i-olled on each arm of 
«tro-magnet, In^. 11 J. ia shown the arrangement of the 
iitator necesBSry to show the effect of the current in setting 
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re to etber, uid iii_^. 214. the 
a effect b rendering meUllic 



'to «l 
! iDondescent. These pfae 



irill be explained more fullj hereafter. 
Z98. Btmttancel'B iwpiumtB^— This apparatiu serrea to ej 
bit ezperimeDtall J currenta produced b; inductioo, not otHj in 
electricity of the pile, but *Uo tho«e produced by the electridtj 
the machine. 




Fig. IIS- 

stands, so u to be capable of being mored towards or from each other. D 
the face of Che plsle « a. copper wire, wrapped with rilk, about the tw( 
of an inch in diamelor, ia rolled spirally, iti extrem I tiei being passed Ibnr 
two holes in (he plate, one at the centre and the oilier at the eircmnrerenc 
the top of the disc To inaulateaiill moreefrectiiBll}-thecurrenl,eac:h dr 
of the spiral ii coiered with a thick coating of gum- lac, a condition »h 
thoagh not necessary for the voltaic enrrent. ia indispeniable when the ap 
ratos is Died to exhibit the effects of a cnrrent prodaced bj (he discharga< 

A similar wire, but much finer, is coiled spirally npon the face of the M 
plate M, which looks towards that of K ; and its extremities are brongh 
like manner through holes at the centre and circumference of the plate 
shown at a anil b. 

The atrangenient shown in the figure is that which is necessary to < 
bibit the effect of (he cnrrent produced b; the discharge of a Leydeo , 
Two wires, e" and if, clamped to Ibe extremities of the spiral wire on K, 
coniwctad, one with the inner coating of the Leyden jar, and the olhai pla 
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ao that the operator can teach it at will with a discharger, such contact 

prodacing immediately the traDsmission of the electric charge of the jar 

tJurongh the spiral wire on the disc n. At the moment the contact is made, 

t;he positive flaid on the inside of the jar rashes along the conducting wire <y, 

and from thence to the extremity of the spiral wire which passes through 

the centre of the plate v, and then circulating round the spiral, passes along 

the wire cf to the outer coating of the jar. 

If the plate M be brought near and parallel to the plate h, and at the same 
time the extremities, a and 6, of the spiral wire upon it be connected, as 
shown in the figure, by a person holding the conducting handles of the wires 
c and d^ an inductive current will be produced in the circuit of the wire upon 
Vf which will impart a corresponding shock to the person holding the 
handles. 

The intensity of the shock thus imparted may be varied at pleasure, by 
moving the discs n and m nearer to or further from each other. 

To exhibit the inductive current similarly produced by voltaic electricity, 
it is only necessary to connect the wire d and d' with the voltaic battery, and 
the wires e and d with a reoscope, when the existence, direction, and intensity 
of the induced current will be immediately indicated by the deflection of the 
needle. 

299. Xiiliiiikoiir* tLppttnLtam to preduce omreiits of ten- 

ilnL — By this apparatus inductive currents are produced which 
iMve a tension bearing more analogy to that evolved by the elec- 
trical machines than to ordinary voltaic currents. 

The apparatus which is shown in Jig. 216. consists of a powerful bobbin Ci 
pUoed vertically upon a thick plate of glass, which insulates it. This bobbin, 
which is about 14 inches high, is composed of two wires, one about the twelfth 
of an inch in diameter, making 300 coils, and the other the eighth of an inch 
it>lled upon the former, making loooo coils. These wires are not only 
wrapped with silk, but each coil is insulated from the adjacent ones by a coat 
of gum-lac. A current produced by one couple of Bunsen's battery is trans- 
mitted through the thicker wire. The positive pole being in communication 
with the wire p 6, the current passes from it through e to the commutator d, 
from which it descends along the metallic plate to a ribbon of copper, which 
conducts it to one of the extremities, a, of the thick wire of the bobbin. The 
other extremity of this wire, being connected with one of the copper legs 
which sapport the plate of glass, the current coming out of the bobbin 
pASMs to a second ribbon e, from whence it mounts along an iron column, 
^B. Thence it arrives at an oscillating hammer, e, which is sometimes in 
contact with d, and sometimes removed from it. When the contact takes 
phice, the current follows the conductors, d and f, and mounts to the com- 
oiQtator D, from whence it returns to the pile. • 
\ , The alternate motion of the hammer e is produced by a cylinder of soft 
^n> placed in the axis of the bobbin. When the current of the pile passes 
I ^ong the thick wire, this rod of soft iron becomes magnetic, and attracts 
! 'Jpwards the little hammer e, which is also iron. The current being then in- 
I ^^^pted, and not being capable of passing to the piece d, the rod of soft iron 
'<^ its magnetism, and the hammer e falls back upon d. The current then 
Commences, the hammer e being again raised, and so on. 

While the current in this way passes with intermission along the thick 
^ of the bobbin at each interval of suspension an inductive current is 
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prodncvdin tii«flpa wircinaltenuUlroppoiitediractiau. Iliiib^ttiB- 
pleUl)' inmlaled, the induced carrent acquires a tsniiDii n gnU u to It 
capable of prodocing varioiu phenomeiis gimilar to thoM produced b; Ox 
common electrical madiine. Thns, the canent being imparled to two on- 




dncUng tiiiea A ■ and Jt i, whicb are connected irith the two roda of Bach agioti 
A as haa been already dcacribed, the aame electric light will be piodiiMl 
aa was piodaced by the electrical machine aa deacribed in (119.). 

Tbe apparatoa with the hammer abore deacribed, placed under the giM 
bobbin c, is repreaented on a larger acule to the left of the npper part of tbe 
figure, where r represents the hammer, and Ae the wire which coDdnctad* 
cnrrent to il. It oscillates between the piecea/and d. It will be ohHrni 
in this experiment that the greatest brightneea will be at the podtivB jnla 
where the light will have a fiery red colour, that at the negative pobhanl 
a violet tint, and being mucb more feeble. It will be farther obserrtd tU 
while the light round the positive pole ia confined lo its extremity, tW 
round tbe negative pole ia extended along (he metal rod to the point irt» 
it enters the globe. 

300. axttMBcMioM at elaotrio U|lit> — Experimenta mwa 
with the above apparatus by M. Quel eahibited the following 
remarkable phenomena. If the rarefaction of the interior of to 
globe is preceded bj the introduction of (he vapour of tiirpentW 
pjroligueong acid, alcohol, sulphurate of carbon, Slc, the iflW 
ance of the light h modified in a remarkable muiner. It aanui* 
tben the form of a series of horizontal zones, alternately bri^ 
and dark, ranged one above the other, as shown in^. a 1 7. 

In this experiment the light is not continoous, but conwalt " ' 
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on of discharges which follow each other more or less ra- 
pidly according to the rate of the oscil 
lation of the hammer a, fig, 216. The 
luminous zones, fig. 217., then appear 
animated with a double movement of 
gjrration and undulation, which however 
M. Quet considers as an optical illusion, 
since by causing the hammer a to oscil- 
late slowly with the hand, the zones appear 
distinct and fixed. It may, however, be 
objected that in that case the develop- 
ment of the light is too momentary to 
render manifest the effects in question. 

As to the quality of the light developed 
in this experiment, though that round the 
positive pole is most frequently red, and 
that round the negative pole violet, this 
is subject to some variation, depending on 
the nature of the vapour or gas which has 
been introduced into the globe. 

It has been observed by M. Despretz, 
that the phenomena exhibited by MM. 
Ruhmkorff and Quet, with an intermitting 
current, are also produced with a common 
us current, but with this important difference, that the 
us current requires a strong battery consisting of many 
Bunsen*s system, while the intermitting current requires 
igle pair. It is worthy of remark also that the efiect of 
nitting current is very little increased by increasing the 
the battery. 

isfactory explanation appears to have been hitherto pro* 
' these phenomena. 

Peculiar properties of tbe direct and InTcme In- 
nurrenta. — Notwithstanding the momentary character 
3quent intermission of induced currents, they are found 
3 all the physical properties of ordinary voltaic currents, 
y impart the same shock to the nervous system, they pro- 
same luminous, thermal, and chemical phenomena, they 
agnetism to soft iron, they affect the reoscope in the same 
and, in fine, reproduce other currents of induction, 
.ock produced by induced currents is however much more 
;han that which results from common voltaic currents. 
ir the shock imparted by the latter sensible, a battery con- 
f many pairs is necessary, while a single pair with the 
s above described is sufficient to produce a shock, the 
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continuance of which would be insupportaUe with an induce 
current. 

The effects of the direct and inverse induced currents have bee 
compared by means of commutators, by which they can be sepa 
rately exhibited. So far as respects their effects upon the reoscop 
they are nearly alike ; but while the direct current produces i 
strong shock, that produced by the inverse current is scarce!/ 
sensible. In like manner, while the direct current is capable of 
imparting strong magnetism, the inverse current imparts none. 

302. Statliam'a appaimkas. — This consists of a copper wire 
AB {Jig. 218.), covered with a thick coating of sulphuretted 
gutta percha. 




Fig. ti8. 

At the end of some months a stratimi of snlphnret of copper, haying t 
conducting power over the current, is formed at the sur£BU» of contact of thi 
metal and its envelope. If at any point whatever of the circuit a section bi 
made through the upper half of the envelope, so as to divide the wn, tti 
remove about a quarter of an inch of its length, as shown at a 6, an inttBN 
cvrrent, which being transmitted along the wire would be interrupted it a^ 
finds its way nevertheless at that point along the coating of salpbnret d 
copper not divided by the section ; and because of its imperfect c<mdnetii^ 
power this part of the envelope becomes incandescent, so that it wooU 
ignite gun cotton or other inflanmiable substance. 

To perform this experiment with an ordinary current a powerful battoy 
is necessary ; but an induced current produced by a single pair of Buuen 
and Ruhmkorff 's apparatus will be sufficient for it 

It appears from some recent experiments of Dr. Faraday that 
the effects produced by a current which passes along such wires 
are very feeble when they are surrounded by air, like those of 
telegraphic wires sustained on posts, but that on the contrary 
such effects are very intense when the wires are either buried 
under ground or carried through water, as is the case in certain 
telegraphic arrangements on land and in that of the submarioe 
cables. Dr. Faraday explains these effects by the suppositioB 
that such a wire surrounded by water or earth, the latter being 
always more or less moist, is placed under conditions analogous to 
that of a Ley den jar, the conducting wire in the centre corre- 
sponding to the internal, and the water or moist earth the eX' 
ternal coating, while the same wire suspended in the air is lili^^ * 
jar having an internal but no external coating. 
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303. ZnduetlTe eflbcts of tbe ■accesslTe oonvolatioiis of 
tba lame bells. — The inductive effect produced by the com- 
mencement or cessation of a current upon a wire, forming part of 
a closed circuit placed near and parallel to it, would lead to the 
inference that some effect may be produced by one coil of a 
helical current upon another at the moment when such current 
conunences or ceases. At the moment when the current com- 
mences, it might be expected that the inductive action of one coil 
upon another, having a tendency to produce a momentary current 
in a contrary direction, would mitigate the initial intensity of the 
actual current, and that at the moment the current is suspended 
the same inductive action, having a tendency to produce a mo- 
mentary current in the same direction, would, on the contrary, 
have a tendency to augment the intensity of the actual current. 

The phenomena developed when the contact of a closed circuit 
is made or broken, are in remarkable accordance with these an- 
ticipations. 

If the wires which connect the poles of an ordinary pile, con- 
sisting of a dozen pairs, be separated or brought together, a very 
feeble spark will be visible, and no sensible change in the intensity 
of this spark will be produced when the length of the wire com- 
passing the circuit is augmented so much as to amount to 1 50 or 
200 yards. If this wire be folded or coiled in any manner, so 
long as the parts composing the folds or coils are distant from 
each other by a quarter of an inch or more, no change of intensity 
will he observed. But if the wire be coiled round a roller or 
bobbin, so that the successive convolutions may be only separated 
from each other by the thickness of the silk which covers them, a 
▼ery remarkable effect will ensue. The spark produced when the 
extremities of the wire are brought together will still be faint ; 
but that which is manifest when, after having been in contact, 
they are suddenly separated, will have an incomparably greater 
length, and a tenfold or even a hundredfold greater splendour. 
The shock produced, if the ends of the wire be held in the hands 
when the contact b broken, has also a greater intensity. 

304. WMeetm of momentary InductlTe currents produced 
^yoB rerolTlnir metallic discs. — &esearclies of Araffo, Ber- 
*^iMl, BablMiffCp and Faradaj. — It was first ascertained by 
Arago that if a circular disc of metal revolve round its centre in 
Its own plane under a magnetic needle, the needle will be de- 
fected from the magnetic meridian, and the extent of its deflec- 
tioo will be augmented with the velocity of rotation of the disc. 
By mcreasing gradually that velocity, the needle will at length be 
^ed to a direction at right angles to the magnetic meridian, 
u the velooity of rotation be still more increased, the needle will 
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motion of continoons roUtion round its o 
« directJon as that of the disc,^. 219. 




That thiH does not proceed from an; mechanical action of tlie 
disc upon the intervenmg stratum of ur, is proved by the &ct 
tbat It IB produced m exactlj the same manner, where a screen of 
thio paper is interposed between the needle and the disc. 

Sir John Ilerschel and Mr. Babbage made a series of experi- 
ments to determine the relative power of discs composed of dif- 
ferent meUls to produce this phenomenon. Taking the actiMicf 
copper, which is the moat intense, as the onit, the following iK 
the relative forces determined for discs of other metals : — 



FrofcBsor Barlow ascertained tbat iron and steel act more entf* 
getically than the other metals. The force of silver is considerabki 
that of gold very feeble. Mercur; holds a place between snti- 
monj and bismuth. 

Herscbel and Babbage found that if a slit were made in 'i* 
direction of a radius of the disc it lost a great part of its foKSi 
but that when the edges of such a slit were soldered togelliff 
with any other metal, even with biimutli, which itself has s rOJ 
feeble force, the disc recovered nearly all its force. 

The motion of rotation of the needle, is an effect which wobH 
result &om a force impressed upon it parallel to the plane of ^ 
disc and at right angles to its radii. It was also ascertained, bo'' 
ever, that the disc exercises on the needle forces parallel U i'' 
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own plane in the direction of its radii, and also perpendicular to 

its plane. 
A magnetic needle, mounted in the manner of a dipping needle, 

80 88 to play on a horizontal axis in a vertical plane, was placed 
07er the revolying disc, so that the plane of its play passed through 
the centre of the disc. The pole of the needle which was pre- 
sented downwards was attracted to or repelled from the centre 
of the disc according to its distance from that point. Placed 
immediately over the centre, no effect, either of attraction or 
ivpolsioii, was manifested. As it was moved from the centre along 
amfiiiBy attraction to the centre was manifested. This attraction 
WM dimuiiBhed rapidly as the dbtance from the centre was in- 
rrei i ed , ind, at a certain point, it became nothing, the pole of the 
needle resting in its natural position. Beyond thb distance re- 
pobbn was manifested, which was continued even beyond the 
limits of the disc. These phenomena indicate the action of a force 
<lireeted parallel to the plane of the disc and in the direction of 
its radii. 

A magnetic needle was suspended vertically by one of its ex- 
tremities, and, being attached to the arm of a very sensitive 
balance, was accurately counterpoised. It was then placed suc- 
cefldvely over different parts of the disc, and was found to be 
ererywhere repulsed^ whichever pole was presented downwards. 
^Hiese phenomena indicate the action of a repulsive force directed 
at right angles to the plane of the disc. 

All these phenomena have been explained with great clearness 
and felicity by Dr. Faraday, by the momentary inductive currents 
produced upon the'disc by the action of the poles of the magnet, 
and the reaction of those currents on the movable poles them- 
selves. By the principles which have been explained (285.), it 
will be apparent that upon the parts of the disc which are ap- 
proaching either pole of the magnet, momentary currents will be 
produced in directions contrary to those which would prevail upon 
Ui electro-magnetic helix substituted for the magnet, and having 
a similar polarity ; while upon the parts receding from the pole, 
nu)mentary currents will be produced, having the same direction. 

These currents will attract or repel the poles of the magnet 
according to the principles explained and illustrated in (285.) ; 
and thus all the motions, and all the attractions and repulsions 
^^scribed above, will be easily understood. 
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CHAP. vn. 

nnXUENCE OF TESBB8TSIAL MAGNETISM OV VOIiTAIC CUBBEHTS. 

305. IMrectton of tbe eartli's maffnetie attraetloii. — The 

law:s which regulate the reciprocal action of magnets and currents 
in general being understood, the investigation of the effects pro- 
duced by the earth's magnetism on voltaic currents becomes easy, 
being nothing more than the application of these laws to a par- 
ticular case. It has been shown that the magnetism of the earth 
is such, that in the northern hemisphere the austral pole of a 
magnet freely suspended is attracted in the direction of a line 
drawn in the plane of the magnetic meridian, and inclined below 
the horizon at an angle which increases gradually in going from 
the magnetic equator, where it is nothing, to the magnetic pole, 
where it is 90°. In this part of Europe the direction of the lower 
pole of the dipping needle, and therefore of the magnetic attrac- 
tion of the earth, is that of a line drawn in the magnetic meridian 
at an angle of about 70^ below the horizon, and therefore at an 
angle of about 20° with a vertical line presented downwards. 

306. In tbls part of tbe earth it corresponds to tliat of llM 
boreal or sontbem pole of an artlllctal magrnet. — Since ih6 
magnetism of the earth attracts the austral pole of the needle, 
to determine, therefore, its effects upon currents, it will be suffi- 
cient to consider it as a southern magnetic pole, placed below the 
horizon in the direction of the dipping needll, at a distance ao 
great that the directions in which it acts on all parts of the same 
current are practically parallel. 

307. To ascertain tbe direction of tbe force impressed 117 
terrestrial niagnetisn& on a carrent* let a line be imagined to 
be drawn from any point in the current parallel to the dipping 
needle, and let a plane be imagined to pass through this line and 
the current. According to what has been explained of the reci- 
procal action of magnets and currents, it will follow that tbe 
direction of the force impressed on the current, will be that of a 
line drawn through the same point of the current perpendiculsr 
to this plane. 

Let cc', Jig, 220., be the line of direction of the current, and draw or 
parallel to the direction of the dip. Let l or be a line drawn through 0, it 
right angles to the plane passing through o p and c c/. This line will be 
the direction of the force impressed by the magnetism of the earth on the 
current ccf. If the current pass from c to c*, this force will be directed 
from o towards l, since the effect produced is that of a southern nag' 
netic pole placed in the line op. If the current pass from c' to c, the direc- 
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tion of the fore« impreated on It will ht 
from o tuwanU k (117. )• 

It follows, therefore, that tlie force 
which acta upon the current is always in 
a plane perpendicular to the dipping 
needle. This plane intersects the hori- 
lontal plane in a line directed to the 
magnetio east and west, and therefore 
perpendicular to the magnetic meridian } 
and it intersects the plane of the mag- 
netic meridian in a line directed north 
and south, making, in this part of the 
earth, an angle with the horixon of ao° 
elevation towards the north, and de- 
pression towards the south. 

If tbe ottirent be wertloali the piano passing through 
lOtion and that of the dipping needle will be the magnetic 
m. The force impressed upon the current will therefore 
right angles to the plane of the magnetic meridian, and 
d wutward when the current deacenda^ and westward when it 
f. 

If tbe Ottirent be borlBontali and in the plane of the 
ic meridian, and therefore directed in the line of the inag- 
orth and south, the force impressed on it will be directed to 
gnetic east and west, and will therefore be also horizontal, 
be directed to tbe eaat^ if the current pass fVom north, to 
and to the iveat^ if it pass from aouth to uorth, Tliis will be 
nt, if it be considered that the effect of the eartirs mag- 
is that of a aouth magnetic pole placed below the current, 

H tbe Ottirent be borlaontal and mt rlf bt anf lee to 
gnetic meridian, the force impressed on it will be directed 
and south in the plane of the magnetic meridian, and 
1 to the horizontal plane at an angle of 20® in this part of 
rth. This may be resolved into two forces, one vertical 
e other horizontal. Tlie former will have a tendency to 
I the current fVom the horizontal plane, and the latter will 
Jie horizontal plane in the direction of the magnetic north 
ith. It will be directed from the aouth to the norths if the 
t pass from weat to eaat^ and from the north to the aouthy if 
Tent pass from eqat to weat This will also be apparent, by 
iring the effect produced upon a horizontal current by a 
oagnetio pole placed below it. 

If tt borlaontal current bmwe anj direotlon inter- 
fee between the magnetic meridian and a plane at right 
to it, the force impressed on it, being still at right angles 
dipping needle, and being inclined to the horizontal plane 
angle less than 20^, may be resclv?d into other forces, 
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one of which will be at right angles to the current, and will be 
directed to the left of the current, as viewed from below by an 
observer whose head is in the direction from which the current 
passes (227.). 

312. Bffeot of tbe earUi's ina§rnetisin on a Terttoal enrreiit 
wblob turns ronnd a vertical axis. — It follows, from what has 
been here proved, that if a descending vertical rectilinear current 
be so suspended as to be capable of turning freely round a vertical 
axis, the earth^s magnetism will impress upon it a force directed 
from west to east in a plane at right angles to the magnetic meri- 
dian ; and it will therefore move to such a position, that the plane 
passing through the current and the axis round which it moves 
shall be at right angles to the magnetic meridian, the current being 
to the east of the axis. 

If the current ascend, it will for like reasons take the position 
in the same plane to the west of the axis, being then urged by a 
force directed from east to west 

313. BfTeot on a onrrent wblcb Is capable of xaovimg in a 
borlxontal plane. — If a vertical current be supported in such a 
manner that, retaining its vertical direction, it shall be capable of 
moving freely in a horizontal plane in any direction whatever, as 
is the case when it floats on the surface of a liquid, the earth's 
magnetism will impart to it a continuous rectilinear motion in a 
direction at right angles to the plane of the magnetic meridian, 
and directed eastward if the current descend, and westward if it 
ascend. 

If a horizontal rectilinear current be supported, so as to be 
capable of revolving in the horizontal plane round one of its ex- 
tremities as a centre, the earth's magnetism will impart to it a 
motion of continued rotation, since it impresses on it a force always 
at right angles to the current, and directed to the same side of it 
If in this case the current flow totoards the centre round which it 
revolves, the rotation imparted to it will be direct ; if from the 
centre, retrograde, as viewed from above (229.), 

314. Bxperlmental Illustrations of tbese effects. — Poulllet^ 
apparatus. — A great variety of experimental expedients have 
been contrived to verify these consequences of the principle of the 
influence of terrestrial magnetism on currents. 

To exhibit the effects of the earth's magnetism on vertical currents, M« 
Pooillet contrived an apparatus consisting of two circular canals, repre- 
sented in their vertical section in fig. 221., one placed above the other, the 
lower canal having a greater diameter than the upper. In the opening ia 
the centre of these canals a metallic rod t is fixed in a vertical podtioOf 
supporting a mercurial cup c. A rod hh', composed of a nonconducting 
substance, is supported in the cup c by a point at its centre. The verticil 
wires ot/ are attached to the ends of the rod A A', and terminate in pointy 
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b are tarned downwards, m> aa to dip into the liqnid contained in the 
r eanal, while their lower extremities dip into the liqoid contained in 

the lower canaL A bent wire connects the mercury 
^^la^g^^gg^^^ contained in the cup c with the liquid in the upper 
f^^ ^^^1 canal. 

The liquid in the upper and lower canals is acidu- 
lated water or mercury. If the liquid in the lower 
canal be put in communication with the ponitive, and 
the rod t with the negative pole, the current will pass 
Arom that canal up the two vertical wires vv*, thence 
to the liquid in the upper canal, thence by the con- 
necting wire to the mercury in the cup c, and thence 
by the rod t to the negative pole. 
By this arrangement the two vertical currents vv*, 
. which both ascend, are movable round the rod t as 

anaxis. 
hsQ this apparatus is left to the influence of the earth's magnetism, the 
ntavi/ will be affected by equal and parallel forces directed westward 
^t angles to the magnetic meridian (308.). The equal and parallel 

5 being at equal distances from the axis t, will be in equilibrium in all 
ma, and the wires will therefore be astatic ; that is to say, not affected 
le earth's magnetism. 

the point of the wire v' at h' be raised from the upper canal, the current 
will be suspended. In that case, the wire v being impelled by the 
strial magnetism westward at right angles to the magnetic meridian 
fitem wiU take a position at right angles to that meridian, the wire on 
\i the current passes being to the west of the axis t. If the point at h' 
roed do¥m so as to dip into the liquid, and the point at h be turned up 
to suspend the current on h and establish that on V, the system will 
I half a revolution and will place the wire I^ on which the current runs 
B west of t, 

by the reoirape the connections with the poles of the battery be re- 
d, the currents on vo' will descend instead of ascending. In that case 
frstem will be astatic as before, so long as both currents are established 

6 wires vv*. But if the connection of either with the superior canal be 
ved, the wire on which the remaining current passes being impelled 
irds, the system will take a position in the plane of the magnetic 
iian, the wire on which the current runs being east of the axis t. 

ten the currents on the wires vo' are both passing, the system will be 
c only so long as the currents are equally intense, and both in the same 
with the axis t If while the latter condition is fulfilled one of the 
be even in a small degree thicker than the other, it will carry a 
Ser current, and in that case it will turn to the magnetic east or west, 
ling as the currents descend or ascend, just as though the current on 
ther wire were suppressed ; for in this case the effective force is that 
) the difference of the intensities of the currents acting on that which 
stronger. 

lie two wires be not in the same plane with the axis, the forces which 
on them being equal, and parallel to the plane of the magnetic meri- 
the position of equilibrium will be that in which the plane passing 
{fa them will be parallel to the latter plane. 

position of equilibrium will be subject to an infinite variety of changes, 
ing as the plane of the wires vt/, their relative thickness, and their 
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distances from the axis of rotation are varied, and in this way a great noi 
ber of interesting experiments on the effects of the earth's magnetism m 
be exhibited. 

315. Its appllcatton to show fhe eftect of terrestrial hum 
netism on a horixontal onrrent. — To show experimentallj tl 
effect of the earth^s magnetism on a horizontal current, M. Pouill 
contrived an arrangement on a similar principle, consisting of 

circular canal, the vertical section 
which is represented in fig, zzz. 
horizontal wire aft is supported bjr 
point at its centre which rests in^ 
mercurial cup fixed upon a meta^ 
rod, like t^fig, zzi. Two points a anc3 
project from the wire, and dip into the liquid in the canal, 1 
small weights e and d being so adjusted as to keep the wire < 
exactly balanced. 

If the central rod be connected with the positive, and the liqoi 
in the canal with the negative pole, the current will ascend on th 
central rod, and will pass along the horizontal wire in both direc- 
tions from its centre to the points a and ft, by which it will pass tc 
the liquid in the canal, and thence to the negative pole. K by th< 
reotrope the connections be reversed and the names of the pole 
changed, the current will pass from a and ft to the centre, an< 
thence by the central rod to the negative pole. 

In the former case, the wire a ft will revolve with retrograde 
and in the latter with direct rotation, in accordance with what h9 
been already explained (227.). 

316. Its eftect on Tertleal onrrents sliown by ^Ampere* 
apparatus. — If a rectangular current, such as that represents 
in^. 168., be suspended in Ampere's frame, ^^g^. 1 37., it will, whe 
left to the influence of terrestrial magnetism, take a position B 
right angles to the magnetic meridian, the side on which the cuM 
rent descends being to the east. For in this case the horizonti 
currents which pass on the upper and lower sides of the rectangL* 
being contrary in direction, will have a tendency to revolve, oti 
with direct, and the other with retrograde motion round y^ 
These forces, therefore, neutralise each other. The vertical d< 
scending current will be attracted to the east, and the ascendiu 
current to the west (3 1 2.). 

317. Its eftect on a circnlar onrrent sliown by Amp^r0' 
apparatus. — If a circular current, such as that represented ^ 
J^. 167., be suspended in Ampere's frame, fig, 137., and sub 
mitted to the influence of terrestrial magnetism, each part of i^ 
may be regarded as being compounded of a vertical and honzontal 
component. The horizontal components in the upper semicircle) 
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flowing in a direction contrary to those in the lower semicircle, 
their effects will neutralise each other. The vertical components 
will descend on one side and ascend on the other. That side on 
which they descend will be attracted to the east, and that at which 
they ascend to the icest ; and, consequently, the current will place 
itself in a plane at right angles to the magnetic meridian, its front 
being presented to the south. 

318. Xts eflJBet on a etroular or spiral ourrent shown by 
Belarlve's floattnir apparatus. — If a circular or spiral current 
be placed on a floating apparatus, it will assume a like position at 
rigbt angles to the magnetic meridian, with its point to the south ; 
and the same will be true of any circulating current. 

319* Astatic oorrents formed by lAmpere's apparatus. — 
To construct a system of currents adapted to Ampere's frame, 
which shall be astatic, it is only necessary so to arrange them that 
there shall be equal and similar horizontal currents running in 
contrary directions, and equal and similar vertical currents in the 

same direction, and that the latter shall be 
at equal distances from the axis on which 
the system turns ; for in that case the hori* 
zontal elements, having equal tendencies to 
make the system revolve in contrary direc- 
tions, will equilibrate, and the vertical ele- 
ments being affected by equal and parallel 
forces at equal distances from the axis of 
rotation, will also equilibrate. 

By considering these principles, it will be 
evident that the system of currents repre- 
sented in ^. 223., adapted to Ampire^s 
frame. Jig. 1 37., is astatic. 
320. BflRsot of eartb's magnetism on spiral currents 
'''own by Ampere's apparatus. — If the arrangement of spiral 
^irrents represented in Jig, 1 89. be so disposed that the current 
*^ passing through one only of the two spirals shall return to 
^e negative pole, the earth^s magnetism will affect it so as to 
^'^ it into such a position that its plane will be at right angles 
*p the magnetic meridian. If the descending currents be on the 
®^de of the spiral more remote from the axis of motion, the system 
^fll arrange itself so that the spiral on which the current flows 
^hall be to the east of the axis. If the descending currents be on 
^e side nearer to the axis, the spiral on which the current flows 
Mil throw itself to the west of the axis. In each case, the front of 
^he current is presented to the magnetic south, and the descending 
<iUrrents are on the east side of the spiral. 
If the current pass through both spirals in Jig, 1 89., and their 
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fronts be on the same side, the earth*s magnetism will throw them 
into the plane at right angles to the magnetic meridian, their 
fronts being presented to the south. 

If their fironts be on different sides, the system will be astatic, 
and will rest in any position independent of the earth*s magnetism, 
which in this case will produce equal and contrary effects on the 
two spirals. 

If the system of spiral currents represented in fig, 1 89. be sus- 
pended in Amp^e*s frame, subject to the earth^s magnetism, the 
fironts of the currents being on the same side of the two spirals, it 
will take such a position that the centres of the two spirals will be 
in the magnetic meridian, their planes at right angles to it, and 
the fronts of the currents presented to the south. If in this case 
the fronts of the currents be on opposite sides, the system will be 
astatic. 

321. BfTeot on a liorUEoiital ourrent shown by PooUlefs 
apparatus. — The rotation of the horizontal current produced 
with the apparatus, fig, zzz^^ may be accelerated, retarded, ar- 
rested, or inverted by presenting the pole of an artificial magnet 
above or below it, at a greater or less distance. A south magnetic 
pole placed below it, or a north magnetic pole above, producing 
forces identical in direction with those produced by terrestrial 
magnetism, will accelerate the rotation in a greater or less degree, 
according to the power of the artificial magnet, and the greater or 
less proximity of its pole to the centre of rotation of the current. 
A north magnetic pole presented below, or a south pole above 
the centre of rotation, producing forces contrary in their direction 
to those resulting from the earth's magnetism, will retard, arrest, 
or reverse the rotation according as the forces exerted by the 

magnet are less than, equal to, or greater than 
those impressed by terrestrial magnetism. 

If the system of currents represented in fig. 
zzj^^ be suspended on Fouillefs apparatus, re- 
presented in^. 221., it will receive a motion 
^ m of continued rotation from the influence of the 

I I earth's magnetism. In this case the vertical 

currents being in the same direction will be in 
equilibrium (314O ; and the horizontal currents 
passing either from the centre of the upper 
horizontal wire to the extremities, or vice versa, 
Fig. 2a4. according to the mode of connection, will receive 

amotion of rotation direct or retrograde (3I5<)* 
TMs motion of rotation may be affected in the manner above de- 
scribed, by the pole of a magnet applied in the centre of the lower 
circular canal, fig, 221. 
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I. WMBCt of terrestrial maffnetlaiii on a lielieal 
Bt fllMwn by Ampere's apparatus. — A helical cur- 
Buch as that represented in Jig, 192., being mounted on 
re*9 frame, or arranged upon a floating apparatus, Jigm 193^ 
e acted on by the earth*s magnetism. The several convo- 
s will, like a single circulating current, take a position at 
angles to the magnetic meridian, their fronts being pre- 
l to the south. The axis of the helix will consequently be 
ed to the magnetic north and south ; and it will, in fine, 
it all the directive properties of a magnetic needle, the end 
ich the front of the currents is directed being its south pole, 
mch a current were mounted on a horizontal axis at right 
I to the plane of the magnetic meridian, it would, under the 
nee of the earth's magnetism, take the direction of the 
og needle, the front of the currents corresponding in direc- 
lO the south pole of the needle. 

3. The dip of a ourrent illustrated by Ampere's reet* 
»■ — The phenomenon of the dip may also be experimentally 
rated by Ampere's electro-magnetic rectangle, ^, 225., 




Fig. ZZ5. 

Ii consists of a horizontal axis x v, which is a tube of wood or 
' non-conductor, at right angles to which is fixed a lozenge- 
id bar azy composed also of a non-conductor. Upon this 
is fixed the rectangle a b d c, composed of wire. The rect- 

rests by steel pivots at m and n on metallic plates, which 
lonicate by wires with the mercurial cups at s and b. These 

being placed in connection with the poles of a voltaic 
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battery, the current will pass fi'om the positive cup 8 up the pillar 
and round the rectangle, as indicated by the arrows. At x it 
passes along a wire through the tube :ry to v, and thence by the 
steel point, the plate m, and the pillar, to the negative cup b. 

The axis mn being placed at right angles to the magnetic 
meridian, and the connections established, the rectangle will be 
inunediately affected by the earth*s magnetism, and after some 
oscillations, will settle into a position at right angles to the direc- 
tion of the dipping needle. 

In this case the forces impressed by the earth*s magnetism on 
the parts of the current forming the sides Ac and bd, will pass 
through the axis mn, and will therefore be resisted. The forces 
impressed on ab and cd will be equal, and will act at the middle 
points a and 2:, at right angles to ab and cd, and in a plane at 
right angles to the direction of the dip. These forces will there- 
fore be in directions exactly opposed to each other when the line 
az takes the direction of the dip, and will therefore be in equi- 
librium. 



CHAP. vm. 

becipbocal influence of voltaic cubbents. 

324. Xesults ofiAmpere's researclies. — The mutual attraction 
and repulsion manifested between conductors charged with the 
electric fluids in repose, would naturally suggest the inquiry 
whether any analogous reciprocal actions would be manifested by 
the same fluids in motion. The experimental analysis of this 
question led Ampere to the discovery of a body of phenomena 
which he had the felicity of reducing to general laws. The 
mathematical theory raised upon these laws has supplied the 
means by which phenomena, hitherto scattered and imconnect^d, 
and ascribed to a diversity of agents, are traced to a common 
source. 

Although the limits, within which a treatise so elementary 8^ 
this manual is necessarily confined, exclude any detailed expo* 
sition of these beautiful physico-mathematical researches, they 
cannot be altogether passed over in silence. We shall therefore 
give as brief an exposition of them as is compatible with their 
great importance, and that clearness without which all exposition 
would be useless. 

325. Seciprooal action of reotilinear ourrents. If two 
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currents he parallel, they will attract or repel each 
*ding as they flow in the same or opposite directions. 

rifled experioMiitally by the apparatus represented in /ig. 226., 
the principle of Ampere's frame. The mercurial cup marked -f 

receives the current from the positive 
pole. The current passes as indicated 
by the arrows upwanls on the pillar t, 
and thence to the cup x, from which 
it flows round the rectangle, returning 
to the cup y, and thence to the pillar 
V, by which it descends to the cup 
which is connected with the negative 
pole. 

If the rectangle thus arranged be 
placed with its plane at an angle with 
the plane of the pillars t and v, upon 
which the ascending and descending 
currents pass, it will turn upon its axis 
until its plane coincides with the plane 
of the pillars t and v, the side of the 
rectangle d e on which the current 
; next the pillar t, on which it ascends. If by means of the 
) the connection be reversed, so that the current shall descend on 
shall ascend on v and b c, it will still maintain its position. But 
ions at x and y be reversed, the connections of the cups + and., 
changed, the current will descend oned while it ascends on f, and 
1 be while it descends on v. In this case twill repel de and 
id V will repel be and attract de, and accordingly the rectangle 
lalf revolution, and b c will place itself near t, and de near v. 

tfon of a aplral or lielloal onrrent on a reotlll- 
int. — A sinuous, spiral, or helical current, provided 
:ions are not considerable in magnitude, impresses on 
rent in its neighbourhood the same force as a straight 
lid produce, whose direction would coincide with the 

sinuous or spiral current. This is proved experi- 
' the fact that a spiral current which has a returning 
*rent passing along .its axis, will exercise no force 
Taction or repulsion on a straight current parallel to 
nee on suspending the spiral current the straight 

attract or repel a parallel straight current, it follows 
>iral current exactly neutralises the effect of the 
rrent flowing in the opposite direction, and conse- 
vill be equivalent to a straight current flowing in the 
on. 

taal aotlon of dlverfftiiff or converffliiir rectilinear 
- Rectilinear currents which diverge from or converge 
m point mutually attract. Those, one of which di- 

the other converges, mutually repel; that is to say, 
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earrena c c^ mad c^^ fg, 227^ 

V noB. o^. they wffl iwiTiMlly 
ami die adiisr firam. o^ tfaej 




repeL Tbe currently bong aappoaed to flow m. die iffrrrtwiBi <m 
die xrn)W9f. oc ami o<: w3I mnmallT ascnct. aa wiQ also oc^ sad 
o^ : while oc' ami o« wiE repeL ad wiE aldo oc ami o^. 

If die wires cominrtmg die cnrreox^ were morable on a aii 
pcToc^ dhej would accocviingiT ciaMe, die angie coe dimmisliii^ 
audi dier wooki cooiciJe. 

^ 

perimentall J Qlnscrsted \sj dhe appanlu 
represented in f^. 223. in plan, and ia 
fg. zzg^ in aecdoo, coossting of a ar- 
eolar camd filled wid& mercarj or acido- 
Ia£«id water separated into two parts hj 
pardtiona at a and 6. Two wires ed nd 
ef^ SQspended on a central ptTOt, nore 
fineelj one ot^^ and independent of the 
odkov like die bands of a watch, the 
points being at ri^lit angles^ so as to dip 
into die canaL Tbe miacarnl cop x beiag 
supposed to be connected with thepofi- 
tire. and jr with the negatxre pole, ^ 
cnrrent pasring to the liquid will flow along the wires as indieate^ 
bj the arrows finom the liquid in one section to that of the othff 

ami will paas to the negadTe cup 5. Wbc? 

.the wires cd and e/ thus carTTing 1^ 

cnrrent are left to their matnal hiflueof 

the angle they tbrm will close, and t 

direcdona of the wires will coincidei 

that the currents shall flow in the same direction npon them. 

In these and all similar experiim*nta, the phenomena will vef 
sari] J be modified bj the effects produced bj the earth's i 
netiam. In sofne cases the ^iparatos can be rendered asfa 
and in others, the effect dne to the terrestrial magnetism 1 
known, can be allowed for, so that the phenomena under 
mination ma j be eliminated, 
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329. MntDAl aetton of reetlllaear ourrents wmeb are not 
tkm mmaam plane. — If two rectilinear currents be not in the 
ne plane, their directions qannot intersect although they are 
t paralleL In this case a line may always be drawn, which is 
the same time perpendicular to both. To assist the imagination 
conceiving such a geometrical combination, let a vertical rod 
supposed to be erected, and from two different points of this 

d let lines be drawn horizontally, but in different directions, 
e, for example, pointing to the north, and the other to the east, 
voltaic currents pass along two such lines, they will mutually 
tract, when they flow hotk to or hothfrom the vertical rod ; they 
11 mutually repel, when one flows to the vertical rod and the 
hery^wn it. 

In either case the mutual action of such current-s will have a 
ndency to turn them into the same plane and to parallelism, 
they mutually attract, their lines of direction turning round 
e vertical line will take a position parallel to each other, and at 
>e same side of that line. If they mutually repel, they will turn 
I the vertical line in contrary directions, and will take a position 
^el to each other, but at opposite sides to it. 
In^. 230., AB and cd represent two currents which are not in 

the same plane. Let po be the line which in- 
tersects them both at right angles, and let 
planes be supposed to pass through their di- 
rections respectively, which are parallel to each 
other, and at right angles to po. K, in this 
case, c D be fixed and a b movable, the latter 
will be turned into the direction ah parallel to 
Fig. 230. cd; or if CD were free and ab fixed, cd 

would take the position cd; if both were free 
'6y would take some position parallel to each other ; and if free 
' change their planes, they would mutually approach and coalesce, 
follows from this, that if the direction of either of the two cur- 
ttts be reversed, the directions of the forces they exert on each 
W will be also reversed ; but if the directions of both currents 
reversed, the forces they exert on each other will be un- 
bred. 

330. BIntnal action of different parte of the same onr» 

^—Different parts of the same current exercise on each other 

"^ulsive force. This will follow immediately as a consequence 

the general principle which has been just established. Since a 

;>idiive action takes place between oc and oc\fig, 227., and 

^h action is independent of the magnitude of the angle c o c^, it 

U still take place, however great that angle may be, and will 

^refore obtain when the angle coc' becomes equal to 180®; 

o 
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that is, when o & forms the continuation of c o, or coalesces ^th 
o c'. Hence, between o c and o of there exists a mutually repul- 
sive action. 

331. lAmpere** experimental ▼eiilleatloii of tliis.— Inde- 
pendently of this demonstration, M. Ampere has reduced the 
repulsive action of different parts of the same rectiliiiear enrreot 
to the following experimental proof: — 

Let ABCD, ^.231., be a glass or porcelain dish, separated into two 
divisions by a partition a c, also of glass ; and let it be filled with mercniy 

on both sides of a a Let a wire, 
wrapped with silk, be formed into 
two parallel pieces united, by t 
semicircle whose plane is at right 
angles to that of the straight parallel 
parts, and let these two parallel 
straight parts be placed floating <ni 
the surface of the mercury at eidi 
side of the partition a c, over which 
the semicircle passes. The mercury in the divisions of the dish is in metallic 
communication with the mercurial cups e and f placed in the direction (rf 
the straight arms of the floating conductor. When the cups e and f are pot 
in connection with the poles of a voltaic battery, a current will pass from the 
positive cup to the end of the floating conductor, from that along the arm d 
the conductor, then across the partition by the semicircle, then along the 
other floating arm, and from thence through the mercury to the negative cop- 
There is thus on each side of the partition a rectilinear current, one part of 
which passes upon the mercury, and the other part upon the straight am of 
the floating conductor. When the current is thus established, the floating 
conductor will be repelled to the remote side of the dish. This repulsion i> 
effected by that part of the straight current which passes upon the mereuy 
acting on that part which passes along the wire. 

332. Action of an indefinite rectilinear current on a lialM 

rectilinear cnrrent at ri|r>&t aofM 

to it. — A finite rectilinear current fl^ 
fig. z'^z,^ which is perpendicular toaa 
indefinite rectilinear current erf lying 
all at the same side of it, will be acted 
on by a force tending to move it ?»• 
rallel to itself, either in the direction of 
the indefinite current, or in the con- 
trary direction, according to the rels- 
^**' *^*' tive directions of the two currents. 

If the finite current do not meet the indefinite current, let its 

line of direction be produced till it meets it at a. Take any two 

points e and d on the indefinite current at equal distances from 0? 

and draw the lines c b and db to any point on the finite current^ 
First case. Let the finite current be directed towards the iodefi' 

nite current. Hence the point b will be attracted by </ and r6* 
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e (327.) ; and since db^^cb, the attraction will be equal 
pidflion. Let the equal lines b e and bf represent this 
and repulsion. By completing the rectangle, the dia- 
will represent the resultant of these forces ; and this line 
lUel to cdj and the resultant is contrary in direction to 
[lite current. 

oe may be proved of the action of all points on the in- 
irrent on the point b, and the sum of all these resultants 
e total action of the indefinite current on b, 
ne may be proved respecting the action of the definite 
a all the points of the indefinite current, 
the current a b will be urged by a system of forces acting 
its parallel to cd, and in a contrary direction. 
case. Let the finite current be directed from the inde- 
Tent. The point b will then be attracted by c and ro- 
df and the resultant bg^ will be contrary to its former 

the current a b will be urged by a system of forces pa- 
d, and in the same direction as the indefinite current, 
he action of the two currents is reciprocal, the indefinite 
rill be urged by a force in its line of direction, either 
or contrary to its direction, as the finite current runs 
Ywards it. 

ase in wlilcli fhe indefinite onrrent is circular. — 
efinite current cdhe supposed to be bent into a circular 
B to surround a cylinder, on the side of which is placed 
cal current a 6, it is evident that the same reciprocal 
11 take place ; but in that case the motion imparted will 
' rotation round the axis of the cylinder aB a centre. 
Izperimental ▼eriflcation of fhese principle*. — 
dnciples are experimentally verified by the apparatus, 

fig. 233., where azsb re- 

W^^ presents a ribbon of copper 

^JL-^^^..^ coated with silk and carried 

J^^ Wjk t round the copper circular 

^lui;:: ;^ -^Z ^^ canal r. A conductor con- 

^^--- ^ r^/3 _2 ^ — ^ ^ nects the mercurial cup c 

^i|gg5ljdbp:^53^7'W] ^^^ *^® central metfdlic 
K!^^J45^._-.^^S||jJ // pillar which supports a mer- 
^^^^rfrnrr^^^jii^/ curial cup /?. In this cup 

^=- m the metallic point m is 

placed. The mercurial cup 

Fig. 233. d is in metallic communica- 

the acidulated water in the circular canal r. A hoop of 
I supported by the point m by means of the rectangular 

o 2 
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wire, and is so adjusted that its lower edge dips into the liquid in 
tlie canal ir. 

Let the mercory in a be connected with the positiTe pole of the 
battery, and the mercurj in d with the n^atire pole. The car- 
rent entering at a will pass roond the circular canal npon tbe 
coated ribbon of copper, and, arriring at 6, it will pass to c bjr a 
metallic ribbon or wire connecting these cups. fVom c it will 
pass to the central pillar and thence to the cap p. It will then 
pass from at as a centre in both directions <m the wire, and will 
descend to the hoop k, from which it will pass into the liqoid in 
the canal r, and thence to the cap d, with which the liqoid is in 
metallic oommanication, and, in fine, from d it will pass to the 
n^ative pole of the battery. 

By this arrangement, therefore, a circular current flows round 
the exterior surface of the vase r, while two descending currents 
constantly flow upon the wire at right angles to this circular 
current. The circular current being fixed, and the vertical 
currents being movable, the latter will receive a motion of con- 
tinued rotation by the action of the former ; and in the case here 
supposed, this rotation will be in a direction contrary to the 
direction of the circular current. If the connections be reversed 
by the reotrope, the direction of the circular current will be re- 
versed, but at the same time that of the vertical currents on the 
wire will be also reversed ; and, consequently, no change will 
take place in the direction of the rotation. These changes of 
direction of the two currents neutralise each other. But i( while 
d. is still connected with the n^ativc pole, b be connected with 
the positive pole, the connection between b and c being removed, 
and a connection between a and c being established, then the 
direction of the circular current being from s to z wiU be re- 
versed ; while that of the vertical currents remains still the sam^ 
the direction of the rotation will be reversed. 

335. To determine in general tbe action of an indelliiit^ 
rectilinear enrrent on a finite rectilinear current. — FirA 

Let it be supposed that the finite current as* 
Jig, 234., has a length so limited that all it> 
points may be considered as equally distant frosi 
the indefinite current, and therefore equally 
acted on by it. In this case the current ab 0*5 
be replaced by two currents, ad perpendicular 
and A c parallel to the indefinite current, and the 
action of the indefinite current on ab will be 
Fig.x34. equivalent to its combined actions on ap tf^^ 

AC. 

If A be supposed to be the positive end of the finite currenti ^ 
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be the positive end of the component currents ad and 
ipposing the indefinite current parallel to a c to run in the 
irection as ac, then ad will be urged in the direction ac 

and AC in the direction Ac^ by forces proportional to ad 
J. Hence, if ad' = ad, and ac' = ac, ad' and A c' will 

1 in magnitude and direction the two forces which act on 
aponent currents. The resultant of these two forces ad' 
' will be the diagonal A b^, which is evidently perpendicular 
nd equal to it. 

icfly. Let the finite current have any proposed length, and 
s positive end a, fig, 235., let a line ao be drawn perpen- 
dicular to the indefinite 




Fig. X35. 



current x'x, this current 
being supposed to run 
from x' to X. 

If the distance o A be 
greater than ab, that cur- 
rent AB, whatever be its 
position, will lie on the 
same side of x' x, and the 
action of x'x on every 
small element of ab will 
be perpendicular to ab, 
as has been just demon- 
. The current ab will therefore be acted on by a system 
Uel forces perpendicular to its direction. The resultant 
e forces will be a single force equal to their sum, and 
, to their common direction. Hence the indefinite current 
11 act on the finite current ab by a single force b in the 
in CD. 

e current ab be supposed to assume successively difierent 
IS, B|, B„ Bg, &c., around its positive end a, the line cd 
)resent in each position the direction of the action of the 
;x'x upon it. 

evident that when the indefinite current runs from x^ to x, 
ion on the finite current is such as would cause it to turn 
ts positive end A with a direct, or round its negative end 
a retrograde rotation. 

B indefinite current run from x to x', the direction of its 
>n AB, and the consequent motions of ab, would be re- 
point c of the current ab at which the resultant b acts 
py with the position of the current ab, approaching more 
s x'x as A B approaches the position ab,; but in every 
1 this resultant must be between a and b. The force 

03 
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producing the rotation therefore having a varying moment, the 
rotation will not be uniform. 

If the distance oa be very great compared with ab, the re- 
sultant B will be sensibly constant, and will act at the middle 
point of AB. 

In this case, if the middle point of ab be fixed, no rotation cao 
take place. 

' If the distance oa be less than ab, the current ab will in cer- 
tain positions intersect x^x, fig, 236., and a part will be at one 




side and a part at the other. In this case the action on a b, in all 
positions in which it lies altogether above x'x, is the same as in 
the former case. 

When it crosses x^x, as in the positions ab^, ab„ AB4, the 
action is different. In that case the forces which act on aw, and 
those which act on mB, are in contrary directions, and their re- 
sultant is in the one direction or in the other, according as the 
sum of the forces acting on one part is greater or less than the 
sum of the forces acting on the other part. If A m be in every 
position of AB greater than ms, then the resultant will be m 
every position in the same direction as if the current A b did not 
cross x' X ; and if the point A were fixed, a motion of continued 
rotation would take place, in the same manner as in the fonn^ 
case, except that the impelling force would be diminished as the 

line A B would approach the position a b^. 

But if AG be less than 

half A B, the circum- 
stances will be different. 
In that case there will 
be two positions a Bt a^^ 
AB4, fig. 237., at equal 
distances from a-Bs, at 
which the line A b will he 
bisected by x'x. 

In all positions of ab- 
not included between- a b^ and ab*, the action of the indefinite. 



XJ»-»> nv 





RECTILINEAR CURRENTS. 1 99 

mt Uponi it takes place in the same direction as in the former 

• 

It in the positions A b^ and a b'\ where m b^ and m b^' are 
ter than m a, the forces acting on m b^ and m v!' exceed those 
g in the contrary direction on m a, and consequently the re- 
nt of the forces on a b in all positions between a b^ and a B4, 
Dtrary to its direction in every other position of the line a b. 
the positions a Bs and a B4 the resultant of the forces in one 
^on on A m is equal and contrary to the resultant of the 
» on B fit. There will in these positions be no tendency of 

the current A b to move except 
round its middle point. 

If the indefinite current x^z 
pass through A, fig, 238., the re- 
sultants of its action on A b will be 
in contrary directions above and 
Fife. xj8 ~ below x' X, and will in each case 

tend -to turn the current a b round 
K)int A so as to make it coincide in direction with the inde- 
5 current x' x. 

6. azperimental lUustHiUoii of these prinolplea. — > 
e effects may be illustrated experimentally by means of the 
ratus,/^. 233., already described. The circular current sur- 
iing the canal v being removed, and the currents on the wire 
ing continued, let an indefinite rectilinear current be con- 
Hi under the apparatus at different distances from the vertical 
)a8sing through the pivot, and the effects above described will 
:hibitedj 

7. BIfeot ef a atralftit indefinite onrrent on a ejretem 
veiviair or oonveivinff eurrents. — If any number of finite 
inear currents diverge from or converge to a common centre, 
rstem will be affected by an indefinite current near it, in the 
manner as a single radiating current would be affected. 

us if a number of straight and equal wires have a conunon 
mity, and are traversed by currents flowing between that 
mity and the circumference of the circle in which their 
extremities lie, an indefinite current x^ x placed in the plane 
e circle, as represented in fig, 239., will cause the radiating 
n of currents to revolve in the one direction or the other, as 
ited by the arrows in the figures. 

\. Bzperimental iUnetration of thie action. — These 
18 may be shown experimentally, by putting a vertical wire, 
p., in communication with the centre of a shallow circular 
lie vessel of mercury v, and another wire n, communicating 

04. 
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with the outside of the vessel, into communication with the poles 
of a battery : diverging currents will be transmitted through the 




P^ 



f 



u 




Fig. £40. 



mercury in the one direction or the other, according to the con- 
nection ; and if a straight conducting wire 
c D, conveying a powerful electric cur- 
rent, is brought near the vessel, a rotation 
will be imparted to the mercury, the di- 
rection of which will be in conformity with 
the principles just explained. Davy used 
a powerful magnet instead of the straight 
wire. 

339. CoDseqnenees dedneible flrooi 
tbi» action. — The following consequences 
respecting the action of finite and indefinite rectilinear currents 
will readily follow from the principles which have been established. 
When a finite vertical conductor a b, movable round an axis 00', 
is subjected to the action of an indefinite horizontal current m n, 
the plane abo'o will place itself in the position oo'^b^a', when 
the vertical current descends, and the horizontal current runs 
from N to Bf, /^, 241. 

If the direction of the vertical or horizontal current be reversed, 
the position of equilibrium of the former will be oo'b a; but if 
the direction of both be reversed, the position of equilibrium will 
remain unaltered. 

When two vertical conductors ab and a^b'' are movable round 
a vertical axis 00', and connected together, they will remain in 
equilibrium, whatever be their position, if they are both traversed 



RECrn^INEAB CURRENTS. 



20 1 



brcunrentf of the fame inteniitj in the name direction, provided 
that the indefinite rectilinear current which acta upon them be at 
neb a distance and in i uch a position that ita diitanccf from the 
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Fif . 141. 

I^tntf B and b^ maj be coniidered alwayi equal. When the wires 
^ ^ snd A^ B^ are traversed bj currents in opposite directions, one 
^^cending and the other descending, the system will then turn on 
^ sxis 00^ until the vertical plane through a b and a^ b^ becomes 
^^>mll«l to M B, the descending current being on that side from 
^Hich the indefinite current flows. 

340. AetloB of mm iadeflaita atrmiflit enirent on a oir- 

— The circulating current a, fy* 242., is 
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^iN!ted hy the indefinite current f b in the same manner as the 

'octangular current b would be affected. The current f b affects 

^ detandinff side a by a force contrary to, and the ascending side 

^^an er|ual force according with, its own direction (332.). in 

^^lame manner it affects the sides c and d with forces in contrary 

^''eetions, one toivardt^ and the other from r n. iiut the side <;, 

Nng nearer to f b than d^ is more strongly affected ; and conse- 

Q^tly the attraction, in the case reprcMmted in Jig, 242., will 

P'ftvail over the repulsion. If the dinsction of either th(5 recti- 

'''^car or circulating current be reversed, the repulsion will prevail 

^•r the attraction. 

Thus it appears, that an indefinite current fiowing from right to 
t/il^ under a circulating current having direct rotation, or one 
'^oWng fVom left to right under a circulating current having retro^ 
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balanced on a central point in a mercurial cnp. The current 
paMing between this point and the liquid in a circular canal will 
ascend or descend on the Tertical wires according to the ainuige- 
ment of the connections. The circular current maj be prodaoed 
\fj surrounding the circular canal with a metallic wire, or ribbon 
coated with a nonconductor, upon which the current may be 
transmitted in the usual waj. The wire frame will revohre upon 
the central point with direct or retrograde rotation, aooording to 
thedirectionsof the currents. If the current ascend on the wutSi 
thejr will reroUe in the same direction as the circular current; ^ 
it descend, in the contrary direction. 

The circular current may also be produced by a spiral current 
placed under the circular canal, and the wire frame may be replsoed 
by a light hollow cylinder, supported on a central point. ^ 
spiral in this case may be movable and the cylinder fixed, or ^ 
veridf and the reciprocal actions will be manifested. 
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ua In wliieli tbe •traifflit enirent Is oblique to 

of tlM etrenlatiiiv enirent. — Like effects will 

be produced when the rec- 
tilinear current, instead of being 
perpendicular to the plane of 
the circular current, is oblique 
to it. 

Let the rectilinear current a c, 
fig, 245., be parallel to the plane 
of the circular current nq. If 
the current flow from a to c, the 
part a b which is within the cir- 
cle will be affected by a force op- 
posite to the direction of the 
nearest part of the current n q, 
and the part b c outside the cir- 
afiected b j a force in the same direction. If the current 
c to a, contrary effects will ensue, 
is case the straight current be limited to a&, and be 
' resolving round a in a plane parallel to that of the 
ill receive a motion of rotation in the same or in a con- 
ation to that of the circulating current, accordingly as it 
6 to a, or from a to b. If the straight current be limited 
ill, under the same circumstances, receive rotation in the 
lirection. If, in fine, it extends on both sides of the 
ill rotate in the one direction or the other, according 
mal or external part predominates. 
lelprooal eflsots of oarrllinear enironto. — The 
fluence of rectilinear and curvilinear currents being 
1, the reciprocal effects of curvilinear currents may be 
ad. Each small part of such current may be regarded 
rectilinear current, and the separate effects of such ele- 
irts being ascertained, the effects of the entire extent of 
near currents will be the resultants of these partial 

ataal aotton of enrvillnear ourrents in general.— 

1 variety of problems arises from the various forms that 
' currents may assume, the various positions they may 
slation to each other, and the various conditions which 
un their motions. The solution of all such problems, 
resents no other difficulties than those which attend the 
nation of the geometrical and mechanical principles, 
plained in each particular case. 

as an example one of the most simple of the infinite 
forms under which such problems are presented, let the. 
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centres of two circular currents be fixed ; the planes of the cur- 
rents being free to assume any direction whatever, they will turn 
upon their centres until they come to the same plane, the parts of 
the currents which intersect the line joining their centres flowing 
in the same direction. It is evident that upon the least disturb- 
ance from this position, they will be brought back to it by the 
mutual attraction of the parts of the circles on the sides which are 
near each other. This is therefore their position of stable equili- 
brium, and it is evident that the fronts of the currents in this 
position are on opposite sides of their common plane. 



CHAP. IX. 

VOLTAIC THEOBT OF MAGNETISM. 

345. ClrculatlBff enrrents have tbe maffnetic propertlesi-' 

From what has been proved, it is apparent that a helical current 
has all the properties of a magnet. Such currents exert the same 
mutual attraction and repulsion, have the same polarity, when 
submitted to the influence of terrestrial magnetism have the same 
directive properties, and exhibit all the phenomena of variation 
and dip as are manifested by artificial and natural magnets. And 
it is evident that these properties depend on the circulaHng and 
not on the helical character of the current, inasmuch as the effect of 
the progression of the helix being neutralised, by carrying the ca^ 
rent back in a straight direction along its axis, the phenomeiu^ 
instead of being disturbed are still more regular and certain. 

These properties of circulating currents have been assumed by 
Ampere as the basis of his celebrated theory of magnetism, in 
which all the magnetic phenomena are ascribed to the presence of 
currents, circulating round the constituent molecules of natural 
and artificial magnets, and round the earth itself. 

Let a bar magnet be supposed to be cut by a plane at right 
angles to its length. Every molecule in its section is supposed to 
be invested by a circulating current, all these currents revolting 
in the same direction, and consequently their fronts being pre* 
sented to the same extremity of the bar. The forces exerted by 
all the currents thus prevailing around the molecules of the same 
section may be considered as represented by a single current cir- 
culating round the bar; and the same being true of all the 
transverse sections of the bar, it may be regarded as being sol' 
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unded by a series of circulating currents all looking in the same 
rection, and circulating round the bar. That end of the bar 
irards which the fronts of .the currents are presented will have 
e properties of a south or boreal pole, and the other end those 
a north or austral pole. 

346. Xavnetlmi of tbe earUi magr proceed flrom enirente. 
•In this theory the globe of the earth is considered to be tra- 
rsed bj electric currents parallel to the magnetic equator. The 
rces exerted by the currents circulating in each section of the 
Tth, like those in the section of an artificial magnet, are con- 
iered as represented by a single current equivalent in its effect, 
id which is called the mean current of the earthy at each place 
pon its surface. The magnetic phenomena indicate that the 
irection of this mean current at each place is in a plane at right 
dgles to the dipping needle, and that it is directed in this plane 
*om east to west, and at right angles to the magnetic meridian. 

347. Artllleial magnets explained on tbla lisrpotbeala. — 
Q bodies such as iron or steel, which are susceptible of magnetism, 
'Ut which are not magnetised, the currents which circulate round 
he constituent molecules are considered to circulate in all pos- 
ible planes and all possible directions, and their forces thus 
leutralise each other. Such bodies, therefore, exert no forces of 
^traction or repulsion on each other. But, when such bodies are 
lugnetised, the fronts of some or all of these currents are turned 
D the same direction, and their forces, instead of being opposed, 
•re combined. The more perfect the magnetism is, the greater 
proportion of the currents will thus be presented in the same 
lir^on, and the magnetisation will be perfect when all the 
Qolecttlar currents are turned towards the same direction. 

34.8. Blfeot of tbe preaenee or absence of eoerclve force. 
~ If the body thus magnetised be destitute of all coercive force, 
ike soil iron, the currents which are thus temporarily turned by 
lie magnetising agent in the same direction will fall into their 
•riginal confusion and disorder when the influence of that agent 
i suspended or removed, and the body will consequently lose the 
■uagnetic properties which had been temporarily imparted to it. 
^ on the contrary, the body magnetised have more or less coer- 
ive force, the accordance conferred upon the direction of the 
molecular currents, is maintained with more or less persistence 
^ the magnetising agency has ceased ; and the magnetic pro- 
ves accordingly remain unimpaired until the accordance of the 
Bnrents is deranged by some other cause. 

349. Tbia bsrpotbeais cannot be admitted as eatabllabed 
btil tbe existence of tbe molecular currents sbaU be 
roved. — To establish this theory according to the rigorous 
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current |Mtai» oTier a sftciKtie neeiUe friKij suspended^ 
vill deflect die needle £raa its poKtkni cf rst« die qvantitT of tl 
deflection depending on die &to. and JK directwn on dte directS 
of die current. 

If the needle be »5tatic« and OEHkwqnendT 1mit« no direetJ 
Ibfrce. it vill rest indifl^vntlr in anr diz^ction in idiich it mar 
plaeed. In diis case tlie deAectii^ &iit« of the eair»it will ba 
no odier reactance to onarcome than that of the firicttonof tt 
needle on its pirot : and if the deflectinfr fimce of the cunrent h 
greater than this leastance* the needle will be deflected, and wili 
take a position at r^t angles to the cuirent, its north pole being 
to the lefk of the current (233.). 

If the needle be not astatic, it will hare a certun directiTe 
force, and, whoi not deflected bj the current* will place itself in 
the magnetic meridian. If, in this case* the wire conducting tbe 
corrent be placed over and parallel to the needle, the poles wiO be 
subject at once to two forces ; the diiectiTe force tending to keep 
them in the magnetic meridian, and the deflecting force o£ the 
curroit tending to place them at right angles to that meridian. 
They will, consequently, take an intermediate direction, which 
win depend on the relation between the directiTe and r^ecting 
forces. If the latter exceed the former, the needle will incline 
more to the magnetic east and west ; if the former exceed the 
hitter, it will incline more to the magnetic north and south. ^ 
these forces be equal, it will take a direction at an angle of 45 
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with the magnetic meridian. The north pole of the needle will, in 
in cases, be deflected to the left of the current (233.). 

If while the directive force of the needle remains unchanged the 
intensity of the current yary, the needle will be deflected at a 
greater or less angle from the magnetic meridian, according as the 
intensity of the current is increased or diminished. 

351. Bspedient for anymentiiiv tbe etttet of a feeble our- 
rent. — It may happen that the intensity of the current is so feeble, 
as to be incapable of producing any sensible deflection even on the 
most sensible needle. The presence of such a current may, never« 
theless, be detected, and its intensity measured, by carrying the 
wire conducting it first over and then under the needle, so that 
each part of the current shall exercise upon the needle a force 
tending to deflect it in the same direction. By this expedient the 
deflecting force exercised by the current on the needle is doubled. 
Such an arrangement is represented in Jig, 246. The wire passes 

from n to z over, and from y to x 

1 under the needle ; and it is evident, 

from what has been explained (233.), 

that the part zn and the part yx 

A^^\^ f l . M , exercise deflecting forces in the same 

^y^y\ ^ ^ i direction on the poles of the needle, 

' I iaH^J===a I \io\h tending to deflect the north or 

« 55= 7 austral pole a to the left of a person 

Fig. 246. who stands at z and looks towards n. 

It may be shown in like manner that 
the vertical parts of the current g x and y z have the same ten- 
dency to deflect the north pole a to the left of a person viewing it 
ftomz. 

352* Xetliod of eoBstmctliiv a reoseope» ralvanoineterv 
or mnltlpllor. — The same expedient may be carried further. 
The wire upon which the current passes may be carried any number 
of times round the needle, and each successive coil will equally 
•ugment its deflecting force. The deflecting force of the simple 
current will thus be multiplied by twice the number of coils. If 
the needle be surrounded with a hundred coils of conducting 
iHre, the force which deflects it from its position of rest will be 
tiro hundred times greater than the deflecting force of the simple 
Current. 

The wire conducting the current must in such case be wrapped 
^ith silk or other nonconducting coating, to prevent the escape 
of the electricity from coil to coil. 

Such an apparatus has been called a multiplier, in consequence 
of thus multiplying the force of the current. It has been also 
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needle. Let a fine metallic wire of silver or copper, wrapped with 
silk, and having a length of eighty or a hundred feet, be coiled 
longitudinally round these bars, leaving at its extremities three or 
four feet uncoiled, so as to be conveniently placed in connection 
with the poles of the voltaic apparatus from which the current 
proceeds. Over the bars on which the conducting wire is coiled, 
is placed a dial, upon which an index plays, which is connected 
with the magnetic needle suspended between the bars, and which 
has a common motion with it^ the direction of the index always 
coinciding with that of the needle. The circle of the dial is 
divided into 360°, the index being directed to 0° or 180°, when 
the needle is parallel to the coils of the conducting wire. 

Such an instrument, mounted in the usual manner and covered 
by a bell glass to protect it from the disturbance of the air, is 
represented in Jig. 247., and in another form, with its appendages 
more complete, in ^g, 248. 

The needle is usually suspended by a single filament of raw silk. 
If the length of wire necessary for a single coil be six inches, fifty 
feet of wire will suffice for a hundred coils. To detect the presence 
of very feeble currents, however, a much greater number of coils 
^s frequently necessary, and in some instruments of this kind 
there are several thousand coils of wire. 

353- Woblli** reometer. — Without multiplying inconveniently 
^^ coils of the conducting wire, Nobili contrived a reoscope which 
possesses a sensibility sufficient for the most delicate experimental 
'Searches. This arrangement consists of two magnetic needles 
fixed upon a common centre parallel to each other, but with their 
poles reversed as represented in ^. 249. If the directive forces 

of these needles were exactly equal, 
such a combination would be astatic ; 
and although it would indicate the 
presence of an extremely feeble cur- 
rent, it would supply no means of 

5^/®^°^^ :=55 — I* measuring the relative forces of two 

•^ I Mi"— ^"^sssssss* I such currents. Such an apparatus 

would be reoscopicy but not reometric. 
Y\g,%u^ To impart to it the latter property 

and at the same time to confer on it 
^ ^^ degree of sensibility, the needles are rendered a little, and 
"^t a little, unequal in their directive force. The directive force 
01 the combination, being the difference of the directive forces of 
^e two needles, is therefore extremely small, and the system is 
proportionately sensitive to the infiuencc of the current. 
, 354* BUferentlal reometer. — In certain researches a diiferen- 
^ reometer is found useful. In this apparatus two wires of 
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exactly the same material and diameter are coiled round the 
instrument, and two currents are made to pass in opposite direc« 
tions upon them so as to exercise opposite deflecting forces on the 
needle. The deviation of the needle in this case measures the 
difference of the intensities of the two currents. 

355. Great sensitlTeness of tbese instminents illiutrated. 
— The extreme sensitiveness and extensive utility of these reoscopic 
apparatus will be rendered apparent hereafter. Meanwhile it may 
be observed that if the extremities p and it of the conducting wires 
be dipped in acidulated water, a slight chemical action will take 
place, which will produce a current by which the needle will be 
visibly affected. 

In all cases it is easy to determine the direction of the current 
by the direction in which the north pole of the needle b deflected. 



CHAP. XL 

PHOTOMAONETISM AND DIAMAGNETI8M. 

356. Faraday's discovery. — About the year 1845 Dr. Farada; 
made two beautiful discoveries, by one of which the phenomena c 
magnetism have been placed in relation with those of light, and l>j 
the other the domain of magnetic power has been immensely en* 
larged, by demonstrating its influence in various degrees over 
almost all natural bodies, whatever be their physical state, whether 
solid, liquid, or gaseous. 

357. Tbe pbotomaffnetle pbenomena, which have been deve- 
loped by these remarkable researches, are briefly noticed in 
Hand Book, " Optics," Chap. XII. We shall here, however, re- 
sume the subject, and shall explain more fully the apparatus b/ 
which the phenomena can be exhibited. 

358. Apparatus for tbeir exblbitlon. — Two rods of soft iron, 
wrapped in the usual manner with covered wire, are mounted so 
that their axes are horizontal and in the same direction as shown 
in Jig, 250. An adjustment is provided, by means of which the 
opposite poles f and e can, within certain limits, be moved to and 
from each other. The axes of the two rods are perforated from 
end to end, so that light can be transmitted without interrup- 
tion from a to b. Any transparent body through which the light 
is required to be transmitted for the purpose of experiment is 
placed on a suitable stand d, between e and f. At the extremit/ 
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Bof the axial perforation a polarising pTism is placed, and at the 
other extremitj h an analysing prism is mounted su a« to be capable 



of being turned round the axis by an nrm which coi-ries an index 
■"winj; on a graduated circular plate aa shown at j. By reference 
to"Optic8," Chap X., it will be seen that, bj such a combination 
"f prisms, rays of light can be pulariscd and the direction of their 
ptuiei of polarisation determined. If the analyein<: prism h be 
'Uned round its axis, the light which passes through it, supposing 
'' to be polarised, will be extinguiahcd in two opposite positions of 
tile analysing prism, and will be seen with its full intensity in two 
"itermediate positions at right angles to these. The plane which 
Passes through the ray in the two latter positions is the plane of 
Polarisation. 

It is shown in " Optics," Chap. XII,, that a transparent medium 
^bich possesses the power of rotatory polarisation, will exert that 
Power in different degrees on the different component parts of 
"olar light; the planes of polarisation being turned more or lesa 
'tt>m their original position, according as the light is more or less 
'^frangible. If a prism d of any transparent medium, having the 
Jitoperty of rotatory polarisation, be placed therefore between (he 
Poles H and r, a polarised ray of compound solar light transmitted 
^lirough it will have its plane of polarisation changed in different 
■iegrees by the prism d\ consequently the position in which the 
analysing prism h would extinguish the different constituent rays 
^ill bs different. This circumstance will be attended with the 
Exhibition of a series of cliromatic lints to an eye receiving the 
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light at b» ThuSf iirlien the prism has that position in which the 
index is at right angles to the plane of polarisation of the red 
light that light will be extinguished, and the light received by the 
eye will have the complementary tint. In like manner, when the 
index is in the direction of the plane of polarisation of the blue 
ray, the light transmitted will have the tint complementary to 
blue, and so on. 

These phenomena are purely optical, and have no reference to 
the magnetic influence. We shall now see, however, how that 
influence is capable of reproducing the same phenomena with 
bodies which, in their natural state, have no rotatory polarisation. 

For this purpose, after placing the body on which the experi- 
ment is made, as described above at d, so that a ray of light trans- 
mitted along the perforation of the soft iron rods shall pass througL 
it, a voltaic current is transmitted along the wire coiled upon the 
rods, so as to render them magnetic. This is accomplished by thi 
apparatus shown in the figure in the following manner. 

The current produced by a battery consisting of ten or twelr^ ^ 
pairs of Bunsen's arrangement, arriving by the wire b, is receive ^ 
by the commutator g, from which it is transmitted, as indicat^^^ 
by the arrow, to the wire coiled upon d, after passing. rous:^<; 
which it goes along the wire g to the coils on c, after passici^ 
which it issues along the wire h to the commutator, and theo^ce 
along the wire a to the negative pole of the battery. 

By means of the commutator g the direction of the current 
may be reversed at pleasure, so that it may be made to enter the 
coils on c through the wire h, to pass from c to d by the wire g, 
and to issue from d to the commutator, and thence by b to 
return to the battery. 

By thus reversing the current the poles £ and f can be* made to 
change their names at pleasure. 

359. Pbotomaflrnetlo plienoiiiena. — If a rod of flint glass, or, L 
better still, that particular sort of heavy glass used by Professor Fa* J^ 
raday, and described in " Optics " ( 3 o 5 .), be placed at d, between the 1^ 



poles E and f, and a polarised ray of homogeneous light be trans* 
mitted through it, the direction of its plane of polarisation will be 
determined by the analysing prism b. Let the index of that prism 
be placed at right angles to the plane of polarisation, so that the 
polarised ray will -be extinguished. This being done, let the con- 
nections of the conducting wires a and b with the battery be 
established, so that the current may pass through the coils c and 
D, and render the soft iron bars surrounding the ray ma^etic. 
The moment the current is thus re-established, the ray will be no 
longer extinguished by the prism b in its actual position ; and to 



PHOTOMAGNETISM. 2 1 3 

extmguish it it will be necessary to turn the index, right or lef^ 
through a certain angle. 

If Uie current be reversed, the direction in which the index 
must be turned to extinguish the ray must be also reversed. 

Hence it appears that the current, or the magnetic virtue which 
it imparts to the bars, exercises upon the ray of light, or upon 
the transparent medium through which the ray passes, or upon 
both of these, such an influence as to impart the power of rotatory 
polarisation to the medium </, and that this rotatory polarisation 
is positive or negative, according to the position of the magnetic 
poles s and f relatively to d. 

The acquisition of this quality and its removal is absolutely 
instantaneous. This is proved by the fact of the instantaneous 
appearance and disappearance of the light at b, at the moment 
when the connections forming the voltaic circuit are made and 
broken. 

360. BffDots on polarised solar Ught, — If, instead of polarised 
homogeneous light, a ray of polarised solar light be transmitted 
through d, the light transmitted at b, while the current is esta- 
blished, will not be extinguished in any position which can be 
given to the index of the prism 5, but a series of complementary 
tints of coloured light will be transmitted as the index is moved 
^m one position to another. This is explained by the fact that 
^te rotatory power produced by the current, is different for the 
^fierent component parts of the solar light, the planes of pola- 
^ation of which being therefore turned through different angles, 
^y will be extinguished in different positions of the index ; and 
^hen the index has such a position as will extinguish any one 
^ay, the complementary tint will be transmitted at b. 

Since the original experiments made by Professor Faraday the 
^^ivestigation has been pursued by M. Bertin, M. Pouillet, M. Ed- 
mund Becquerel, and M. Matthiessen, from which it appears that, 
*^esides the glass used by Faraday, many other substances, solid 
^Hd liquid, exhibit, in different degrees, like properties. Among 
^hese the principal are the silicates of lead in general, the flint 
^lass of commerce, rock salt, and common glass. And among 
Uquid substances, the bichloride of tin, the sulphuret of carbon, 
"Water, olive oil and alcohol, and all aqueous and alcoholic solu- 
tions. 

361. Blamagnettc phenomena. — Dr. Faraday demonstrated, 
"Ut the epoch above mentioned, that a certain class of substances, 
or rather bodies placed under certain physical conditions, without 
being themselves magnetic, are repelled by sufficiently powerful 
electro-magnets. To such substances he gave the name diamag^ 
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suspended, as shown in Jig. 253., between the poles of the electro- 
magnets, it will be brought to rest by their attraction in such a 

position that its ends shall be presented 
to the two poles, and consequently its 
length is in the direction of the axes of 
the magnets. This position Professor 
Faraday has called the axial direction. 

If a similar bar of bismuth or any 
other diamagnetic body be similarly 
Fig. X53. suspended, the position in which it will 

be brought to rest by the repulsion of 
the magnets, will be that in which its length is at right angles to 
the axes of the magnets, a position to which Professor Faraday 
^ves the name of the equatorial direction. 

Thus it appears that the influence of the magnets is to maintain 
iiuignetic bodies in the axial, and diamagnetic bodies in the equa- 
torial position. 

363. Various diamaffnetio bodies. — The number of diamag- 
>)etic bodies is very considerable. Among the metals, bismuth is that 
^ which the property is more pronounced ; lead and zinc come 
iiext, but their action is much more feeble. Among the metaloids 
^hich manifest the property are phosphorus, selenium, and sul- 
phur ; and among compound bodies water, alcohol, ether, spirit of 
turpentine, most of the acids and saline solutions, wax, amber, 
Mother o' pearl, tortoise shell, quill, carbon, and many others. 

Liquids are submitted to similar experiments by being enclosed 
'i^ small and very thin tubes of glass. When these tubes are sus- 
pended as aboye described, they are found to assume the axial or 
^^uatorial position, according as the liquid is magnetic or diamag- 
netic. 

364. Piama ynetiin Taries witb tbe snrroiindinff medium. 
^-« Professor Faraday has shown that the properties of magnetism 
^nd diamagnetism cannot be said to belong, in an absolute sense, 
^ all bodies, but that, on the contrary, the same body may be 
Magnetic or diamagnetic, according to the medium with which it is 
Surrounded ; and as that medium is changed, it will accordingly 
Assume alternately the axial or equatorial direction when sus- 
landed between the magnetic poles. For example, if a weak solu- 
tion of the protosulphate of iron, included in a thin glass tube, 
Oe suspended between the magnetic poles, it will take the axial 
direction ; if it be immersed in water when so suspended it will 
%till keep the axial direction ; but if immersed in a stronger solution 
of the protosulphate of iron than that which is contained in the 
tube, it will then take the equatorial direction, showing that it 
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poeseBses the magnetic or diamagnetic property according to tbe 
medium in which it is immersed. 

365. Pl&ober'a BppBTBtiu.— In theprosecationof diftmtgDetic 
researches M. Fliicher used an experimental apparatus somewliU 
different in form Irom that shown in^. 250., which waa attended 




with several advantages. This apparatua, which is represented i" 
fig. Z54., consists of a large electro-magnet, similar to that Bbo'"' 
inj^. 250., but having the legs vertical and the polesaand Jeoo- 
sequently not presented one to the other, but standing in the v^ 
horizontal line. Upon a and h, as in the case of the appsnU' 
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resented in jfi^. 250., polar pieces of soft iron of various forms, 
ording to the experiment to be performed, can be adapted. 
3se pieces, placed in various positions with relation to each 
er, form a sort of horizontal magnetic area or field, in which 
bodies to be submitted to experiment are suspended by a 
»k attached to a fine silver wire, having the properties of the 
ance of torsion already described (61.). This magnetic stage 
covered and enclosed by a glass case, and when the hook is 
. used for the measurement of torsional forces it is adapted 
support a very sensitive common balance, of which all the parts 
! formed of glass — the dishes being watch glasses, 
^en the dishes are filled with the liquid of which the mag« 
;ic or diamagnetic properties are sought, the equilibrium is esta- 
sbed while the current is being transmitted, the dish containing 
! liquid being suspended over the magnetic poles. Upon closing 
i circuit the equilibrium no longer subsists, and the dish con- 
ning the liquid is either attracted or repelled according as it 
magnetic or diamagnetic. 

The coils surrounding the electro-magnet consist of several 
itinct wires, two or more of which may be put in connection at 
sasure, so that the current may be transmitted upon them 
thout passing on the others. In this way the force of the 
sctro-magnet may be varied at will, while the intensity of the 
>iTent remains the same. The apparatus for making this ad- 
stment is shown at n and n\ the commutator being at c. 
366. Tbe ^taniaynette properties of liquids can also be 
^Vibited in a remarkable manner by means of the apparatus 
own in Jig, 250. For this purpose, pieces d and c of the form 
'Own m Jig, 255. are attached to the poles, and the liquid under 




Fig. 155- 

'P^Hment, contained in a watch glass, is placed upon them as 
'^'^n in the figure. 
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If a solution of chloride of iron be placed thus upon the arma- 
tures D and c, as soon as the current is establbhed the solution 
will assume a convex form or two distinct convex forms, according 
to the distance between the magnetic poles, as shown at ▲ and b. 
These forms will continue so long as the current is maintained ; 
and the same forms will be assumed by all magnetic liquids. 

The forms assumed by diamagnetic liquids, such as mercury, 
will be the inverse of these. 

This experiment can, however, be performed with still greater 
convenience with the apparatus of M. FlUcher, shown in^. 254. 

367. BlanuMirnetlmi of flame. — It was observed by M.Ban- 
calari that the flame of a candle placed between the poles of the 
electro-magnet was repelled, as if blown by a current of air, while 
the current was transmitted, as shown in fig. 256. All flames 
present the same phenomenon, but in different degrees. M. Quet 
obtained such effects in a very decided manner by submitting the 
electric light to the effects of the magnetic poles, as shown in 





Fig. 156- 



Fig. *57. 



No satisfactory theory has yet been proposed to explain the 
phenomena of diamagnetism. Various hypotheses have been 
imagined, but none which has commanded any general assent 
Dr. Faraday ascribes the phenomena to induction, assuming that 
in the diamagnetic body inductive currents are produced which 
act by repulsion upon the voltaic currents to which, according to 
the theory of Ampere, the magnetic value is due. MM. Edmund 
Becquerel and PlUcher have each proposed other hjrpg^hes^ 
which suppose the diamagnetic bodies to be arrested by a magnetic 
medium which exercises the power of repulsion. 
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CHAP. xn. 

THEBMO-ELCCntlCITT. 

68. BtatsflNUMe of tlie tbeimal eqiiilibiiiiiii of eonduotors 
Ndooes a tfteturbaiieo of tlio eleetrlo oqiiilibriiiiii. — If a 

piece of metal b, fif^, 258., or 
C - other conductor, be interposed 

between two pieces, c, of a 
different metal, the points of 
contact being reduced to dif- 
ferent temperatures, the na- 
Fif . x^ tural electricity at these points 

will be decomposed, the posi- 
iTe fluid passing in one direction, and the negative fluid in the 
ther. If the extremities of the pieces c be connected by a wire, 
constant current will be established along such wire. The 
itensity of this current will be invariable so long as the tempe- 
atares of the points of contact of b with c remain the same ; and 
' will in general be greater, the greater the difference of these 
Bmperatures. If the temperatures of the points of contact be 
endered equal, the current will cease. 

These facts may be verified by connecting the extremities of c 
itii the wires of any reoscopic apparatus. The moment a dif- 
avnee of temperature is produced at the points of contact, the 
eedle of the reoscope will be deflected ; the deflection will in- 
rease or diminish with every increase or diminution of the dif- 
irence of the temperatures ; and if the temperatures be equalised, 
le needle of the reoscope will return to its position of rest, no 
eflection being produced. 

369. Tbermo-electiie onrreBt. — A current thus produced is 
^ed a ihermo'electric current. Those which are produced by the 
rdinary voltaic arrangements are called for distinction hydro'clec- 
"ie currents, a liquid conductor always entering the combination. 

370. Bzpoiimental iUnatration. — A convenient and simple 
iparatus for the experimental illustration of a thermo-electric 
QTent b represented in Jig, 259. A narrow strip of copper cd 
bent into a rectangular form, and soldered at both ends to a plate 
'bismuth ee'. A magnetic needle ab moves freely on its pivot 
ithiiythe rectangle. The apparatus is so placed, that its vertical 
aoe coincides with that of the magnetic meridian ; and the needle, 
hen undisturbed by the current, is at rest in the same direction. 
Now, if a lamp /be applied to one end e of the plate of bismuth, 
> as to raise its temperature above that of the other end, the 
^e will be immediately deflected, and the deflection will in- 
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crease as the difference of the temperatures of the ends of the plate 
of bismuth is increased. If the end e of the bismuth be cooled to a 




Fig. 259. 

temperature below that of the surrounding atmosphere, the needle 
will be deflected the other way, showing that the direction of the 
current has been reversed. And by repeating the same experi- 
ments with the other end eV these results will be confirmed. 

371. Conditions ivlilcli determine tbe direction of the 
current. — When the temperature of the end e of the bismuth is 
more elevated than that of the end e\ the north pole of the needle 
is deflected to the left of a person standing at the end e, from which 
it appears that the current flows round the rectangle in the di- 
rection represented by the arrow. 

If cold be applied to the end e, the needle will be deflected to 
the right, showing that the direction of the current will be re- 
versed, the positive fluid always flowing towards the warmer end 
of the bismuth. 

372. A constant difference of temperature produces a 
constant current. — If means be taken to maintain the extremities 
of the bismuth at a constant difierence of temperature, the needle 
will maintain a constant deflection. Thus, if one end of the 
bismuth be immersed in boiling water and the other in melting 
ice, so that their temperatures shall be constantly maintained at 
212° and 32°, the deflection of the needle will be ini^able. 
If the temperature of the one be gradually lowered, and the other 
gradually raised, the deflection of the needle will be graduall/ 
diminished ; and when the temperatures are equalised, the needle 
will resume its position in the magnetic meridian. 
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373. lUAreiit metals liave different tbermo-eleotrlo ener- 

es« — This property, in virtue of which a derangement of the 
ectric equilibrium attends a derangement of the thermal equi- 
)rium, is common to all the metals, and, indeed, to conductors 
inerally ; but, like other physical properties, they are endowed 
ith it in very different degrees. Among the metals, bismuth and 
itimony have the greatest thermo-electric energy, whether they 
re placed in contact with each other, or with any other metal, 
fa bar of either of these metals be placed with its extremities in 
intact with the wires of a reometer, a deflection of the needle will 
e produced by the mere warmth of the finger applied to one end 
f the bar. K the finger be applied to both ends, the deflection will 
»e redressed, and the needle will return to the magnetic meridian. 

It has been ascertained that if different parts of the same 
nass of bismuth or antimony be raised to different temperatures, 
iie electric equilibrium will be disturbed, and currents will be 
established in different directions through it, depending on the 
•elative temperatures. These currents are, however, much less 
intense than in the case where the derangement of temperature is 
produced at the points of contact or junction of different conductors. 

374* Ponillet's tbermo-eleotric apparatus. — M. Fouillet has 
mth great felicity availed himself of these properties of thermo- 
electricity, to determine some important and interesting- pro- 
perties of currents. The apparatus constructed and applied by 
Dim in these researches is represented in^. 261. 




Fig. 261 

Two rods, A and b, of bismuth, each about sixteen inches in length and an 
ch in thickness, are bent at the ends at right angles, and being supported 
vertical stands are so arranged that the ends c d and e f may be let down 
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into caps. The caps c and b are filled with mdting ice, and d and f with 
boiling water, so that the ends c and k are kept at the constant tempenton 
<^ 329, and the ends d and f at the constant temperatare of 212^. 

A differeatial reometer (354.) is placed at x. Two condncting circuits are 
formed either of one or several wires, one commencing from p, and after passing 
through the wire <^ the reometer x, retaming to e ; the other commencing 
from Di, and after passing through the wire of the reometer in a contnuy 
direction to the former, retaming to c. The wires conducting the corrent 
are soldered to the extremities c, d, k, f of the bismnth rods which are im- 
mersed in the cups. 

If the two currents thus transmitted, the one between f and b, and the 
other between d and o, have equal intensities, the needle of the reometer m 
will be undisturbed ; but if there be anv difference of intensity, its quantity 
and the wire on which the excess prevails will be indicated by the qoantity 
and direction of the deflection of the needle. 

The successive wires along which the current passes are brought into 
metallic contact by means of mercurial cups, a,b,c,d, &c^ into which their 
ends are immersed. 

Tlie circuits through which the current passes may be simple or compound. 
If simple, they consist of wire of one uniform material and thickness. If 
compound, they con^st <^ two or more wires difiering in material, thickness, 
or length. 

The wire composing a simple circuit is divided into two lengths, one ex* 
tending from d or f to the cup e or d^ where the current enters the convola* 
tions of the reometer, and the other extending from the cap 6 or/, where the 
current issues from the reometer to c or k, where it returns to the thermo- 
electric source. The wires composing a compound current may consist <tf a 
saccession of lengths, the current passing from one to another by means of 
the metallic ,;nps. Thus, as represented in the figure, the wires f c, e (^ and 
/ E, forming, with one wire of the reometer, one circuit, and the wires d e, ftoi 
And a c forming with the other wire of the reometer the other drcoit, may 
differ firom each other in material, in thickness, and in length. 

The currents pass, as indicated by the arrows, from the extremity of the 
bismuth which has the higher temperature through the wires to the ex* 
tremity which has the lower temperature. 

375. Selation between tbe intensitT* of the enrrent vaA 
tbe lenffUi and oeetton of tbe eondnetlnv wire. — If the two 

circuits be simple and be composed of similar wires of equai 
lengths, the intensity of the two currents will be found to be equal, 
the needle of the reometer being undisturbed. But if the length 
of the circuit be greater in the one than in the other, the inten- 
sities will be unequal, that current which passes over the longest 
wire having a less intensity in the exact proportion in which it has 
a greater length. 

If the section of the wire composing one circait be greater than that (tf the 
wire composing the other circuit, their lengths being equal, the current 
carried by the wire of greater section will be more intense than the other in 
exactly the proportion in which the section is greater. 

If the wire composing one of two simple circuits have a length less than 
that composing the other, and a section also less in the same proportion than 
the section of the other, the cancnta ^aaainfj^ over them will have the sans 
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itensity, for the excess of intensity dne to the lesser length of the one is 
Mpensated by the excess dne to the greater section of the other. 
In general, tiierefore, if i and i' express the intensities of the two currents 
"ansmitted from d and r (Jig, 261.) over two simple circuits of wire of the 
une metal, whose sections are respectively s and s', and whose lengths are 
and I/, we shall have : — 

S 8' 
L I/' 

lat is to say, the intensities are directly as the sections and inversely as the 
ingths of the wire. 

If two simple circuits be compared, consisting of wires of different metals 
his proportion will no longer be maintained, because in that case wires of 
qaal length and equal section will no longer give the currents equal inten- 
ities, because they will not have equal conducting powers. That circuit 
vhich, being alike in other respects, is composed of the metal of greatest 
x>nducting power, will give a current of proportionally greater intensity. 
Iherelative intensities, therefore, of the currents carried by wires of different 
metals of equal length and thickness are the exponents of the relative con- 
ducting powers of these metals. 

In general, if c and cf express the conducting powers of the metals com- 
posing two simple circuits^ we shall have : — 

8 , 8' 
in'ricx- : c'x-7' 

376. Condnotlnflr powers of metals. — M. Pouillet ascer- 
tained on these principles the conducting powers of the following 
metals relatively to that of distilled mercury taken at 1 00 : — 

Vttik. CondoctiDg Power. Metals. ConducUntr Power. 

Mercury - - - - loo Copper ------ 3840 

Inm - - - - - 600 to 700 Gold ------ J075 

Jeel- - - - -500 to 800 Silver 5150 

Brau . - - - - zoo to 900 Palladium ----- 5700 

Pladnam - - - - 855 

377. Current passingr tbrougrb a compound circuit of 
uniform intensity. — The current which passes through a com- 
pound circuit is found to have an uniform intensity throughout 
its entire course. In passing through a length of wire, which is 
4 bad conductor, its intensity is neither greater nor less than upon 
one which is a good conductor, and its intensity on pieces of un- 
gual section and unequal length is in like manner exactly the 
same. 

378. Bquivalent simple circuit. — A simple circuit composed 
>f a wire of any proposed metal and of any proposed thickness 
!an always be assigned upon which the current would have the 
ame intensity as it has on any given compound circuit ; for by 
ticreasing the length of such circuit the intensity of the current 
my be indefinitely diminished, and by diminishing its lengtti the 
itensity may be indefinitely increased. A length may therefore 
•e always found which will give the current any required in- 
ensity. 

The length of such a standard wire which would give the 
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current of a simple circuit the same intensity as that of a com* 
pound circuit, is called the reduced length of the compound 
circuit. 

379. Batio of intensities in two eomponnd eireniti.— It 

is evident, therefore, that the intensities of the currents on two 
compound circuits are in the iuTcrse ratio of their reduced lengths^ 
for the wires composing such reduced lengths are supposed to be 
of the same material and to have the same thickness. 

380. Xntensity of ttie enirent on a ffiven oondnotor Tarlai 
•wittk tbe tbenno-electrio onergy of ttie sonroe. — In all that 
has been stated above, we have assumed that the source of thermo- 
electric agency remains the same, and that the changes of in- 
tensity of the current are altogether due to the greater or less 
facility with which it is allowed to pass along the conducting 
wires from one pole of the thermo-electric source to the other. 
But it is evident, that with the same conducting circuity whether 
it be simple or compound, the intensity of the current will vary 
either with the degree of disturbance of the thermal equilibrium 
of the system or with the thermo-electric energy of the substance 
composing the system. 

In the case already explained, the ends of the cylinders a and 
B have been maintained at the fixed temperatures of 32° and 
2 1 2^. If they had been maintained at any other fixed tempera- 
tures, like phenomena would have been manifested ; with this 
difference only, that with the same circuit the intensity of the 
current would be different, since it would be increased if the 
difference of the temperature of the extremities were increased, 
and would be diminished if that difference were diminished. 

In like manner, if, instead of bismuth, antimony, zinc, or any 
other metal were used, the same circuit and the same tempera- 
tures of the ends c and d or e and f would exhibit a current 
of different intensity, such difference being due to the (fifferent 
degree of thermo-electric agency with which the different metals 
are endowed. 

The relative thermo-electric agency of different sources of these 
currents, whether it be due to a greater or less disturbance of the 
thermal equilibrium, or to the peculiar properties of the Bubstance 
whose temperature is deranged, or, in fine, to both of these cauaet 
combined, is in all cases proportional to the intensity of the 
current which it produces in a wire of given material, length, and 
thickness, or in general to the intensity of the current it transmits 
through a given circuit. 

The relative thermo-electric energy of two systems may be 
ascertained by placing them as at ▲ and b. Jig, 26 1 ., and con* 
necting them by simple circuits of similar wire with the difi^ 
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rential reometer. Let the lengths of the wires composing the two 
circuits be so adjusted, that the currents passing upon them shall 
have the same intensity. The thermo-electric energy of the two 
systems will then be in the direct ratio of the lengths of the 
circuits. 

381. Tlienuo-eleotrio piles. — The intensity of a thermo- 
electric current may be augmented indefinitely, by combining 
together a number of similar thermo-electric elements, in a 
maimer similar to tKat adopted in the formation of a common 
voltaic battery. It is only necessary, in making such arrange^ 
ment, to dispose the elements so that the several partial currents 
shall all flow in the same direction. 

SnCki an arrangement is represented in jig, 262., where the two metals 
(Vianaih and copper, for example) composing each thermo-electric pair 




Fig. i6x. 

tn distinguished by the thin and thick bars. If the points of junctio i 
Qarked i, 3, 5, &c be raised to 212°, while the points 2, 4. 6, &c. are kept 
It 3x0, a current will flow fVom each of the points i, 3, 5, &c. towards the 
points 2, 4, 6, &c. respectively, and these currents severally overlaying each 
other, exactly as in the voltaic batteries, ivill form a current having the 
mm of their intensities. 

382. Tbonno-eleotiio pile of Wobili and Mellonl. — Various 
expedients have been suggested for the practical construction of 
such* thermo-electric piles, one of the most efflcient of which is 
that of MM. Nobili and Melloni. 

This pile is composed of a series of thin plates of bismuth and antimony 
bent at their extremities, so that when soldered together they have the 
form and arrangement indicated in fig. 263. The spaces between the suc- 
Cttaive plates are filled by pieces of pasteboard, by which the combination 
icquires sufficient solidity, and the plates are retained in their position 
^Uiout being pressed into contact with each other. The pile thus formed 
ii mounted in a frame as represented in^^. 264., and its poles are connected 
^th two pieces of metal by which the current may be transmitted to any 
^ductors destined to receive it. It will be perceived that aU the points 
<^ junction of the plates of bismuth and antimony, which are presented at the 
itme side of the frame, are alternate in their order, the ist, 3rd, 5th, &c. 
bsing on one side, and the 2nd, 4th, 6th, &c. on the other. If, then, one 
*ide be exposed to any source of heat or cold from which the other is re- 
moved, a corresponding difference of temperature will be produced at the 
^temate joints of the metal, and a current of proportionate intensity ivill 

Q 
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flow tMtwMn tlu pgles o uid r npoQ any condnctor by which they DUf bt 




It is nscessaiy, in tb« practical coaatruction of this spparatua, thil tlie 
melsllic plates composing it should be all of the same length, so that vine 
comliued Ihe ends of the syatem where the meUllic joints nn coUecMd 
should form an even and plain surface, which it is usual to coat with limp- 
black, so as to augment its absorbing power, and at the same time to rendv 
it more even and nnifoim. 

The tbrm of electric pile used bj Melloni in his experimects 0° 
radiuDt heat, has been already described in " Heat" (S77.)i ""^ 
represented there in Jig. iSi. Another view of the apparatiu, 
differently arranged, is given In Jig. z6;., vrbere f ande are the 




screens, i> the stage upon which the bodiea under experiment art 
placed, H the thermometric pile, C the galvanometer, amd a and s 
the polar wires of tie ^e. 
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CHAP. xm. 

BLBCTB0-CHEMI8TBT. 

{83. Deoomposinr power of a ▼oltalc current. — When a 
voltaic current of sufficient intensity is made to pass through cer- 
'Sin bodies consisting of constituents chemically combined, it is 
ound that decomposition is produced attended by peculiar cir- 
cumstances and conditions. The compound is resolved into two 
constituents, which appear to be transported in contrary di- 
rections, one with and the other against the course of the current. 
Xhe former is disengaged at the place where the current leaves, 
iuid the other at the place where it enters, the compound. 

All compounds are not resolvable into their constituents by this 
Bgency, and those which are, are not equally so ; some being re- 
BolYed by a very feeble current, while others yield only to one of 
extreme intensity. 

384. Bleotrolytes and eleotrolysto. — Bodies which are capa- 
ble of being decomposed by an electric current have been called 
electrolytes^ and decomposition thus produced has been denominated 
electrolysis. 

385. Ikiquicls alone Bosoeptible of electrolysis. — To render 
electrolysis practicable, the molecules of the electrolyte must have 
i perfect freedom of motion amongst each other. The electrolyte 
niitt therefore be liquid. It may be reduced to this state either 
)j solution or fusion. 

386. Varaday's eleotro-diemlcal nomenclature. — It has 
leen usual to apply the term poles either to the terminal elements 
f the pile, or to the extremities of the wire or other conductor by 
'hich ihe current passes from one end and enters the other, 
liese are not always identical with the points at which the current 
Dten and leaves an electrolyte. The same current may pass 
BOoessively through several electrolytes, and each will have its 
•iftt of entrance and exit ; but it is not considered that the same 
vnnt shall h&ve more than two poles. These and other con- 
iderations induced Dr. Faraday to propose a nomenclature for 
he exposition of the phenomena of electrolysis, which has to some 
ixtent obtained acceptation. 

387. PositiTe and neffattve electrodes. — He proposed to 
!tll the points at which the current enters and departs from the 
^lectrol3rte, electrodes^ from the Greek word 6^65 (hodos), a path or 
vay. H« proposed further to distinguish the points of entrance 
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and departure by the terms Anode and Kathode^ from the Greek 
words &yo8os (anodes), the way up, and KdBo^s (kathodos), the toajf 
down. 

388. Only partially accepted. — Dr. Faraday also gave the 
name ions to the two constituents into which an electrolyte is 
resolved by the current, from the Greek word mv (ion), ^011^ or 
passing, their characteristic property being the tendency to pass 
to the one or the other electrode. That which passes to the posi- 
tive electrode, and which therefore moves against the current, he 
called the Anion ; and that which passes to the negative electrode 
and therefore moves with the current, he called the KatMUL 
These terms have not, however, obtained acceptation. Neither 
have the terms " Anode " and " Kathode," positive and n^ative 
electrode, or positive and negative pole, being almost universally 
preferred. 

The constituent of an electrolyte which moves with the current 
is distinguished as the positive element, and that which moves 
against it as the negative element. These terms are derived from 
the hypothesis that the constituent which appears at the positive 
electrode, and which moves, or seems to move, towards it after de- 
composition, is attracted by it as a particle negatively electrified 
would be ; while that which appears at the negative electrode is 
attracted to it as would be a particle positively electrified. 

389. Composition of water. — To render intelligible the pro- 
cess of electrolysis, let us take the example of water, the first sub- 
stance upon which the decomposing power of the pile was observed. 
Water is a binary compound, whose simple constituents are the 
gases called oxygen and hydrogen. Nine grains weight of water 
consist of eight grains of oxygen and one grain of hydrogen. 

The specific gravity of oxygen being sixteen times that of 
hydrogen, it follows that the volumes of these gases which com- 
pose water are in the ratio of two to one ; so that a quantity of 
water which contains as much oxygen as, in the gaseous state, 
would have the volume of a cubic inch, contains as much hydrogen 
as would, under the same pressure, have the volume of two cubic 
inches. 

The combination of these gases, so as to convert them into 
water, is determined by passing the electric spaf k taken from a 
common machine through a mixture of them. If eight parts by 
weight of oxygen and one of hydrogen, or, what is the same, one 
part by measure of oxygen and two of hydrogen, be introduced 
into the same receiver, on passing through them the electric spark 
an explosion will take place ; the gases will disappear, and the 
receiver will be filled first with steam, which being condensed, will 
be presented in the form of water. The weight of water con- 
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tained in the receiver will be equal precisely to the sum of the 
weight of the two gases. 

These being premised, the phenomena attending the electrolysis 
of water may be easily understood. 

390. Bleetrolysto of waters — Let a glass tube, closed at one 

end, be filled with water slightly acidulated, and, stopping the open 

end, let it be inverted and immersed in similarly acidulated water 

contained in any open vessel. The column in the tube will be 

sustained there by the atmospheric pressure, as the mercurial 

column is sustained in a barometric tube; but in this case the tube 

will remain completely filled, no vacant space appearing at the top, 

the height of the column being considerably less than that which 

would balance the atmospheric pressure. Let two platinum 

vires be connected with the poles of a voltaic pile, and let their 

extremities, being immersed in the vessel containing the tube, be 

bent so as to be presented upwards in the tube without touching 

each other. Immediately small bubbles of gas will be observed to 

issue from the points of the wires, and to rise through the water 

and collect in the top of the tube, and this will continue until the 

entire tube is filled with gas, by the pressure of which the water 

will be expelled from it. If the tube be now removed from the 

vessel, and the gas be transferred to a receiver, so arranged that the 

electric spark may be transmitted through it, on such transmission 

the gas will be reconverted into water. 

The gases, therefore, evolved at the points of the wires, which in 
this case are the electrodes, are the constituents of water; and 
since they cannot combine to form water, except in the definite 
ratio of I to 2 by measure, they must have been evolved in that 
exact proportion at the electrodes. 

39 1 . azplanatioB of tbis pbenomenon by tbe eleotro-clie- 
mical laypotbesto. — This, phenomenon is explained by the sup- 
position that the voltaic current exercises forces directed upon 
each molecule of the water, by which the molecules of oxygen are 
impelled or attracted towards the positive electrode, and therefore 
against the current, and the molecules of hydrogen towards the 
negative electrode, and therefore with the current. The electro- 
chemical hypothesis is adopted by different parties in different 
senses. 

According to some, each molecule of oxygen is invested with 
an atmosphere of negative, and each molecule of hydrogen with 
an atmosphere of positive electricity, which are respectively in- 
separable from them. When these gases are in their free and 
nncombined state, these fiuids are neutralised by equal doses of the 
opposite fiuids received from some external source, since other- 
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wise thej would hare all the properties of dectrified bodies, 
which they are not observed to have. But when they enter into 
combination, the molecule of oxygen dismisses the dose of posi- 
tive electricity, and the molecule of hydrogen the dose of negative 
electricity which previously neutralised their proper fluids ; and 
these latter fluids then exercising their mutual attraction, cause 
the two gaseous molecules to coalesce and to form a molecule oi 
water. 

When decomposition takes place, a series of opposite effects 
are educed. The molecule of oxygen aiWr decomposition is 
charged with its natural n^rative, and the molecule of hydrogen 
with its natural positive fluid, and these molecules must borrow 
from the decomposing agent or some other source, the doses of 
the opposite fluids which are necessary to neutralise them. In 
the present case, the molecule of oxygen is reduced to its naturtl 
state by the positive fluid it receives at the positive electrode, and 
the molecule of hydrogen by the n^ative fluid it receives at the 
negative electrode. 

The electro-chemical hypothesis is, however, differently under* 
stood and differently stated by different scientific authorities. It 
is considered by some that the decomposing forces in the case of 
the voltaic current, are the attractions and repulsions which the 
two opposite fluids developed at the electrodes exercise upon the 
atmospheres of electric fluid, which are assumed in this theory to 
siurround and to be inseparable from the molecules of oxygen and 
hydrogen which compose each molecule of water, the resultants of 
these attractions and repulsions being two forces, one acting on 
the oxygen and directed towards the positive electrode, and the 
other acting on the hydrogen and directed towards the negatiTe 
electrode. Others, with Dr. Faraday, deny the existence of these 
attractions, and regard the electrodes as mere paths by which the 
current enters and leaves the electrolyte, and that the effect of 
the current in passing through the electrolyte is to propel the 
molecules of oxygen and hydrogen in contrary directions, the 
latter in the direction of the current, and the former in the con- 
trary direction ; and that this combined with the series of decom- 
positions and recompositions imagined by Grotthus, which we 
shall presently explain, supplies the most satisfactory exposition 
of the phenomena. 

Our limits, however, compel us to dismiss these speculations, 
and confine our observations rather to the facts developed hj 
experimental research, using, nevertheless, the language derived 
from the theory for the purposes of explanation. 

392. ll0ttMd •f eleeMljsla wbieb separmtes the eowlK 
. — The process of electrolysis may be so conducted that 
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Fig. 166. 



the constituent gases shall be developed and collected in separate 
receivers. 

The apparatus represented in jig, 266., contrived bj Mitecherlich, is very 

convenient for the exhibition of this and other elec- 
trolytic phenomena. Two glass tubes o and A, about 
half an inch in diameter, and 6 or 8 inches in length, 
are closed at the top and open at the bottom, having 
two short lateral tubes projecting from them, which 
are stopped by corks, through which pass two plati- 
num wires which terminate within the tubes in a 
small brush of platinum wire, which may with advan- 
tage be surrounded at the ends with spongy platinum. 
The tubes o A, being uniformly cylindrical and con- 
veniently graduated, are filled with acidulated water, 
and immersed in a cistern of similarly acidulated 
water g. 

If the external extremities of the platinum wires be 
connected by means of binding screws a and 6, or by 
mercurial cups with wires which proceed from the 
poles of a voltaic arrangement, their internal extremities will become elec- 
trodes, and electrolysis will commence. Oxygen gas will be evolved from 
the positive, and hydrogen from the negative electrode, and these gases will 
collect in the two tubes, the oxygen in the tube o containing the positive, 
and the hydrogen in the tube h containing the negative electrode. The 
graduated scales will indicate the relative measures of the two gases evolved, 
and it will be observed that throughout the process the quantity of gas in the 
tabe h. is double the quantity in the tube o. If the gases be removed from 
the tubes to other receivers and submitted to chemical tests, one will be 
found to be oxygen and the other hydrogen. 

393. Bow are fbe constitaeiits transferred to tbe eleo- 
trodeaf — In the apparatus^. 266., the tubes containing the 
electrodes are represented as being near together. The process 
of electrolysis, however, will equally ensue when the cistern ^ is a 
trough of considerable length, the tubes o and h. being at its ex- 
tremities. It appears, therefore, that a considerable extent of 
liquid may intervene between the electrodes without arresting 
the process of decomposition. The question then arises, where 
does the decomposition take place ? At the positive electrode, or 
at the negative electrode, or at what intermediate point ? If it take 
place at the positive electrode, a constant current of hydrogen 
must flow from that point through the liquid to the negative 
electrode ; if at the negative electrode, a like current of oxygen 
must flow from that point to the positive electrode ; and if at any 
intermediate point, two currents must flow in contrary directions 
from that point, one of oxygen to the positive, and one of hydrogen 
to the negative electrode. But no trace of the existence of any 
•such currents has ever been found. Innumerable expedients 
have been contrived to arrest the one or the other gas in its pro- 

Q4. 
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gress to the electrode without success ; and therefore the stronger 
physical evidence supports the position that neither of these con* 
stitueut gases does actually exist in the separate state at any part 
of the electrolyte, except at the very electrodes themselves, at 
which they are respectively evolved. 

If this be assumed, then it will follow that the molecules of 
oxygen and hydrogen evolved at the two electrodes, were not 
previously the component parts of the same molecule of water. 
The molecule of oxygen evolved at the positive electrode must 
be supplied by a molecule of water contiguous to that electrode, 
while the molecule of hydrogen simultaneously evolved at the 
negative electrode must have been supplied by another molecule 
of water contiguous to the latter electrode. What then becomes 
of the molecule of hydrogen dismissed by the former, and the 
molecule of oxygen dismissed by the latter ? Do they coalesce 
and form a molecule of water ? But such a combination would 
again involve the supposition of currents of gas passing through the 
electrolyte, of the existence of which no trace has been observed. 

394. Solation on tbe liypotbesU of Orottliiui. — The only 
hypothesis which has been proposed presenting any satisfactory 
explanation of the phenomena is that of Grotthus, in which a 
series of decompositions and recompositions are supposed to take 
place between the electrodes. 

Let o H, O' H', on h", &c., represent a series of molecules of water ranged 
between the positive electrode p and the negative electrode n. 

p. . . o H. . . 0/ H' . . . o"h'' . . . o^'hW . . . oftnn'tf* . . . n. 

When o H is decomposed and o is detached in a separate state at f, the 
positive fluid inseparable from h, according to the electro -chemical hypo- 
thesis, being no longer neutralised by an opposite fluid, attracts the negative 
fluid of o', and repels the positive fluid of h', and decomposing the molecule 
of water o' h^ the molecule o' coalesces with h, and forms a molecule of 
water. In like manner, h' decomposes o" h/', and combines with o" ; n" de- 
composes o'" B."'j and combines with o'" ; and h'" decomposes o"" n""t and 
combines with o"" ; and, in fine, n"" is disengaged at the negative electrode 
N. Thus, as the series of decompositions and recompositions proceeds, the 
molecules of oxygen are disengaged at the positive electrode p, and those di 
hydrogen at the negative electrode n. 

In this hypothesis it is further supposed, as already stated, that the 
molecule of oxygen o, disengaged at the positive electrode p, receives from 
that electrode a dose of positive electricity, which being equal in quantity 
to its own proper negative electricity, neutralises it ; and, in like manner, 
the molecule of hydrogen b"'\ disengaged at the negative electrode H. 
receives from it a corresponding dose of negative electricity which neutralises 
its own positive electricity. It is thus that the two gases, when liberated at 
the electrodes, are in their natural and unelectrified state. 

395. BfliBot of acid and salt on tbe electrolysis of wat«n 

— In the electrolysis of water as described above, the acid held in 
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olution undergoes no change. It produces, nevertheless, an im- 
XHTtant influence on the development of the phenomena. If the 
dectrodes be immersed in pure water, decomposition will only be 
>roduced when the current is one of extraordinary intensity. 
But if a quantity of sulphuric acid even so inconsiderable as one 
per cent, be present, a current of much less intensity will effect 
the electrolysis; and by increasing the proportion of the acid 
gradually from one to ten or fifteen per cent, the decomposition 
will require a less and less intense current. 

It appears, therefore, that the acid without being itself affected 
bj the current, renders the water more susceptible of decompo- 
sition. It seems to lessen the affinity which binds the molecules 
of oxygen and hydrogen, of which each molecule of water consists. 

Various other acids and salts soluble in water produce the same 
effect. 

The electrolyte, properly speaking, is therefore in these cases 
^e water alone. The bath in which the electrodes are immersed, 
^d in which the phenomena of the electrolysis are developed, 
^y contain various substances in solution ; but so long as these 
^ not directly affected by the current, they must not be con- 
sidered as forming any part of the electrolyte, although they not 
pidy influence the phenomena as above stated, but are also involved 
^ important secondary phenomena, as will presently appear. 

The process of the electrolysis of water has been presented here 
^ its most simple form, no other effect save the mere decompo- 
ition of the electrolyte being educed. If, however, the platinum 
lectrodes which have no sensible affinity for the constituents of 
'ater be replaced by electrodes composed of any metal having a 
:ronger affinity for oxygen, other phenomena will be developed, 
'he oxygen ^smissed by the water at the positive electrode, 
istead of being liberated, will immediately enter into combination 
ith the metal of the electrode, forming an oxide of that metal, 
his oxide may adhere to the electrode, forming a crust upon it. 
1 that case, if the oxide be a conductor, it will itself become the 
ectrode. If it be not a conductor it will impede and finally 
Test the course of the current, and put an end to the electrolysis. 
' it be soluble in water it will disappear from the electrode as fast 
I it is formed, being dissolved by the water ; and in that case the 
ater will become a solution of the oxide, the strength of which 
ill be gradually increased as the process is continued. 
If the water composing the bath hold an acid in solution, for 
hich the oxide thus formed at the . positive electrode has an 
finity, the oxide will enter into combination with the acid, and 
ill form a salt which will either be dissolved or precipitated, ac- 
)rding as it is soluble or not in the bath. 
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Whfle die ox jgen disengaged from the water at tlie posithre 
electrode undergoes these various combinations, the hydrogen is 
frequently liberated in the free state at the n^ative electrode^ 
and maj be collected and measured. In such case it will alwajr^ 
be found that the quantity of the hydrogen developed at th^ 
negative dectrode, is the exact equivalent of the oxygen whic^ 
has entered into combination with the metal at the positive elec^ 
trode, and also that the quantity of the metal oxidated is exact^< 
that which corresponds with the quantities of the two gases whi^^ 
are disengaged, and with the quantity of water which is decoc^ 
posed. 

396. BeeondArT' aetton of the liydroffen at tha iiesatft<^y 
electrode. — In some cases the hydrogen is not developed in t^ 
form of gas at the negative electrode, but in its place the pnre 
metal, which is the base of the oxide dissolved in the bath, ^ 
deposited there. In such cases the phenomena become more 
complicated, but nevertheless sufficiently evident. The hydro- 
gen developed at the negative electrode, instead of being dis- 
engaged in the free state, attracts the oxygen from the oxide, md 
combining with it forms water, liberating at the same time the 
metallic base of the oxide which is deposited on the negative 
electrode. 

Thus there is in such cases both a decomposition and a recom- 
position of water. It is decomposed at the one electrode to pro- 
duce the oxide, and recomposed at the other electrode to reduce 
or decompose the same oxide. 

397. Zta aetion on bodies dlaeolTod in Um batlu — ^This effect 
of the hydrogen developed at the negative electrode b not limited 
jto the oxide or salt produced by the action of the positive elec- 
trode. It will equally apply to any metallic oxide or salt which 
may be dissolved in the bath. Thus, while the oxygen maj be 
disengaged in a free state and collected in the gaseous form over 
the positive electrode, the hydrogen developed at the negative 
electrode may reduce and decompose any metallic salt or oxide, 
which may have been previously dissolved in the bath. 

398. Example of zino and platinum eleetrodee in waters" 
To render this more clear, let it be supposed that while the negt- 
tive electrode is still platinum, the positive electrode is a plate of 
zinc, a metal eminently susceptible of oxidation. In this case no 
gas will appear at the zinc, but the protoxide of that metal will be 
formed. This substance being insoluble in water will adhere to 
the electrode if the bath contain pure water ; but if it be acid* 
ulated, with sulphuric acid for example, the protoxide so soon tf 
it is formed will combine with the suiphuric acid, producing the 
salt called the sulphate of zinc, or more strictly the sulphate 
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of the oxide of zinc. This being soluble, will be dissolved in 
the bath. 

399. SeeoiidAi7 eflSBcts of ttk» current. — In all these cases 
the primary and, strictly speaking, the only effect of the current 
is the decomposition of water, and the only substances affected 
by the electric agency are the constituents, oxygen and hydrogen, 
of the water decomposed. All the other phenomena are secondary 
and subsequent to the electrolysis, and depend, not on the current, 
but on the affinities of the electrodes and of the substances held in 
solution by the electrolyte, for the constituents of the electrolyte 
and for each other. The phenomena, however, though successive 
as regards the physical agencies which produce them, are prac- 
tically simultaneous in their manifestation, and are oflen so com- 
plicated and interlaced in their mutual relations and dependencies, 
that it is extremely difficult to discover a clear and certain analysis 
of them. 

400. CompoiandA wliloli are susceptible of eleetrol jvls. — 
The electrolysis of water is, in all its circumstances and conditions, 
% type and example of the phenomena attending the decomposition 
of other compounds by the same agency. 

Compounds are susceptible of electrolysis or not, according to 
the nature, properties, and proportion of their constituents. 

It has been ascertained by direct experiment that most of the 
simple bodies are capable of being disengaged from compounds of 
'^hich they nuiy be constituents by electrolysis, and analogy ren- 
tiers it probable that all of them have this property. Those which 
We not yet been ascertained to be capable of elimination by this 
agency, include nitrogen, carbon, phosphorus, boron, silicon, and 
Aluminium. The difficulty of obtaining these substances in com- 
pounds of a form adapted to electrolysis, has alone rendered them 
exceptions to the otherwise universally ascertained law. 

401. Blectrolytio classillcation of tbe simple bodies. — 
Attempts have been made to classify bodies according to the ten- 
dencies they manifest to pass to the one or the other electrode, in 
the process of electrolytic decomposition, those which evince the 
strongest tendency to go to the positive electrode being considered 
in the highest degree electro-negative, and those which show the 
strongest tendency to go to the negative electrode in the highest 
degree electro-positive. Although experimental research has not 
yet supplied very extensive or accurate data for such a classi- 
fication, the following proposed by Berzelius will be found useful, 
as indicating in a general manner the electrical characters of a 
large number of simple bodies, subject, however, to such cor- 
rections and modifications as further experiment and observation 
may suggest. 
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402. L 

I. Oxjcen. S. Sdeniam. ic. 

X. Solfrtiiir. 9. Arsenic. 16. TeUnriimi 

3. NUrogen. lo. Chroouoa. 17. ColumUoB 

4. Chlorine. 11. Molydeoam. iS. Tftamonu 
c. Iodine. iz. Tungsten. 19. StUcion. 
a. Floorine. ij. Boroo. ao. O wniiit 
7. Phocphonis. 14. Carbon. xi. Hydrofen. 



403. n. Btoetro-posittTe bodii 

I. Potassioni. 11. Zircoaium. Xi. Bismntiu ] 

X. Sodium. u. Manganese. xx. Uranium. 1 

3. Litliium. 13. Zinc. X). Copper. ] 

4. Barium. 14. Cadmium. X4. Silver. 

5. SMrontiam. 15. Iron. x<. Mercury. 
6w Calcium. 16. Nickel. xb. Palladium. 

7. Magnesium. 17. Cobalt. xr. Piatinura. 

8. Glucinium. 18. Cerium. xS. Rbodinm. 

9. Yttrium. 19. Lead. X9. Iridium. 
10. Aluminium. xo. Tin. jow Gold. 

All the bodies named in the first series are supposed to be nega' 
tive with relation to those in the second. Each of the bodies in 
the first series is negatire, and each of the bodies in the second 
positive, with relation to those which follow. 

The meaning is, that if an electrolyte composed of any two of 
the bodies in the first list be submitted to the action of the car- 
rent, that which stands first in the list will go to the pomtive elec- 
trode ; if an electrolyte composed of any body in ~the first and 
another in the second list be electrolysed, the former will go to the 
positive electrode ; and, in fine, if an electrolyte composed of any 
two of the bodies named in the second list be electrolysed, the fiist 
named will go to the negative pole. 

It has been objected that sulphur and nitrogen occupy too high 
a place in the negative series, these bodies being less negative than 
chlorine and fluorine, and that hydrogen ought rather to be placed 
in the positive series. 

404. Tlie order of tbe series not certainly determinedi-* 
It must be observed that the order of the simple bodies in these 
series has not been determined in all cases by the direct obse^ 
vation of the phenomena of the electrolysis. It has been in many 
cases only inferred from the analogies suggested by their chemicil 
relations. 

405. Sleetroljrtes ivliliA liaTe compoiand eonfltttaeatk --* 
When the constituents of an electrolyte are compound bodies, the 
decomposition proceeds in the same manner as with those binary 
compounds whose constituents are simple. Most of the salts which 
have been submitted to experiment prove to be electrolytes, the 
acid constituent appearing at the positive, and the base at the 
negative electrode. Acids are therefore in general regarded is 
electro-negative bodies analogous to oxygen, and alkalies and 
oxides electro-positive bodies analogous to hydrogen. 
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'406. Aeoordlnff to VaradAy* eleetroljt«s wlio«e eonstl* 
nents are simple oan only be eombined in a einirle pro« 
»eition« — It appears to result from the researches of Faraday, 
bat two simple bodies cannot combine in more than one pro- 
K)rtion so as to form an electrolyte. 

When hydrochloric acid, whose constituents are chlorine and 
lydrogen, is submitted to the current, electrolysis ensues, the 
shiorine appearing at the positive and the hydrogen at the 
legative electrode. 

The protochlorides of the metals composed of the metallic base 
uid one equivalent of chloride are also easily electrolysed, the 
chlorine always appearing at the positive electrode; but the 
perchlorides of the same metals which contain two or more equi- 
ralents of chlorine are not susceptible of electrolysation. 

In general, compounds which consist of two simple elements are 
>nly electrolysable when their constituents are single equivalents. 
Bence sulphuric acid which has three, and nitric acid which has 
ive equivalents of oxygen, are neither of them susceptible of 
ilectrolysation. 

407. Apparent eauseptione explained by secondary aetion. 
-In the investigation of the chemical phenomena which attend 
he transmission of the current through liquid compounds, results 
rill be occasionally observed which will at first seem incompatible 
ith this law. But in these cases the phenomena are invariably 
ie consequences, not of electrolysis, but of secondary action, 
hus, nitric acid submitted to the current is decomposed, losing 
le equivalent of its oxygen, and reduced to nitrous acid. In 
is case the real electrolyte is the water, which always exists in 
ore or less quantity in the acid. This water being decomposed, 
e oxygen is delivered at the positive electrode, and the hydrogen 
veloped at the negative electrode attracts from the nitric acid 
le equivalent of its oxygen, with which it combines and forms 
iter, reducing the nitric to nitrous acid. 

Ammonia, which consists of one equivalent of nitrogen and 
ree of hydrogen, is not properly an electrolyte, though in solu* 
»n it is decomposed by the secondary action of the current. In 
is case, as in the former, the real electrolyte is the water in 
lich the ammonia is dissolved. Nitrogen, and not oxygen, is 
^engaged at the positive electrode. The oxygen, which is the 
imary result of the electrolysis of the water, attracts the hydro- 
tn of the ammonia, with which it reproduces water and liberates 
e nitrogen. 

408. Secondary elfeote fiaTonred by tbe nascent state of 
m oonstitnents I results of tbe researcbes of Beoqnerel 
Id Chrosse. — It is a general law in chemistry that substances u^ 
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the nascent state, that is, when just disengaged from ccmipounds 
with which they have been united, are in a condition most favour- 
able for entering into combinations. This explains the great 
facility with which the constituents of electrolytes combine witb. 
the electrodes where even a feeble affinity prevails, and also the 
various secondary effects. When oxygen is evolved against 
copper, iron, or zinc, chlorine against gold, or sulphur against 
silver at the electrode, oxides of copper, iron, or zinc, chloride of 
gold, or sulphuret of silver, are readily formed. If the current 
producing lliese changes be of very feeble intensity, so that the 
new compounds are very slowly formed, so slowly as more ta 
resemble growth than strong chemical action, they will assume the 
crystalline structure. In this manner Becquerel and Crosse have 
succeeded in obtaining artificially mineral crystals, and exhibitiiig 
on a snudl scale effects similar to those which are in progress on a 
scale so vast in the mineral veins which pervade the crust of the 
globe, and which, doubtless, result from feeble electric currents 
established for countless centuries in its strata by the vicissitudes 
of temperature and other physical causes. 

409. Tlie saooessive aetion of tbe same onrrent on dif- 
ferent vessels of water. — If the same current be conducted 
successively through a series of vessels containing acidulated 
water, by connecting the water in each vessel with the water in 
the succeeding vessel by platinimi wires i, i', t'', \"\ &c., as 
represented in fig, 267., the current will enter each vessel at the 

p I I I r N 
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Fig. 267. 

extremity o, and will depart from it at the extremity A. The 
water in each vessel will in this case constitute a separate electro- 
lyte, and will be decomposed by the current. The ends o will be 
all positive, and the ends A all negative electrodes. Oxygen will 
be disengaged at all the ends o, and hydrogen at all the ends A; 
and if the gases disengaged be collected, the same quantity of 
oxygen ivill be found to be disengaged at the ends o, and the same 
quantity of hydrogen at the ends A, the volume of the latter being 
double that of the former. The weight of the oxygen produced 
will be eight times that of the hydrogen, and the weight of the 
water decomposed will be nine times that of the hydrogen. 

410. Tlie same onrrent lias an nnifbrm eleetrelytle 
power. — Since it is ascertained by reometric instruments that 
the same current has everywhere the same intensity, it foUowf 
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tbat this constant intensitj is attended with an electrolytic power 
of corresponding uniformity. From this and other similar results 
it is inferred that the quantity of electricity which passes in a 
current is proportional to the quantity of a given electrolyte which 
the current decomposes. 

411. Voltameter of Varaday. — On this ground Faraday 
gave the name of voltameter to an apparatus similar in principle 
to that described in (392.), taking water as the standard electro- 
lyte by which the quantity of electricity necessary to effect the 
decomposition of any other electrolytes might be measured. Thus, 
if it is found that a current which decomposes in a given time an 
ounce of water, will in the same time decompose two ounces of 
one electrolyte (a), and three ounces of another electrolyte (b), it 
is inferred that the quantity of electricity necessary to decompose 
a given weight of a is half that which would decompose an equal 
weight of water, and that the quantity necessary to decompose a 
given weight of b is a third of that which would decompose the 
same weight of water, and, in fine, that the quantities of electricity 
necessary to decompose equal weights of a and b are in the ratio 
of 3 to 2. 

412. SIfoot oftbe same cnrrent on different eleotrolTtes — 
Vttaday's law. — If the series of vessels represented in^. 267., 
connected by metallic conductors i, i', &c., instead of containing 
'^ater, contain a series of different electrolytes, each electrolyte 
^ be decomposed exactly as it would be if it were the only 
electrolyte through which the current passed. 

Let OS suppose that the first vessel of the series which the cnrrent enters 

^m p contains water, and that meanfl are provided by which the quantities 

^oxygen and hydrogen liberated at and h shall be indicated, and that in 

^e manner the quantities of the constituents of each of the other electro- 

vtes disengaged at the respective electrodes can be determined. It will 

then be found that for every grain weight of hydrogen liberated in the first 

Vessel, the number of grains weight of each of the constituents of the several 

^ectrolytes disengaged ¥dll be expressed by their respective chemical 

Univalents. 

Thus, if c, e\ e", e"', &c. be the chemical equivalents of the several con- 
stituents of the series of electrolytes, that of hydrogen being the unit, and 
if h express the number of grains weight of hydrogen evolved in the volta- 
ineter tube over the first vessel in a given time, then the number of grains 
'Weight of each of the constituents of the several electrolytes which shall be 
Evolved in the same time will be 

e X A, e' X A, e" x A, e'" x A, &c, &c. 

413. Zt oomprtoes seeondary resulta. — This remarkable 
law extends not only to the direct results of electrolysis, but also 
to all the secondary effects of the current. 

Thus, it applies to the quantities of the several metallic electrodes which 
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le connected in the cases just described; phenomena are produced, 
especting which a remarkable discordance has arisen between the 
lighest scientific authorities. 

From some of the early experiments of Sir H. Davj, confirmed 
7 those of Gautherot, Hesinger, and Berzelius, it appeared that 
he voltaic current was not only capable of decomposing yarious 
Masses of chemical compounds, but of transferring or decanting 
heir constituents successivelj through two or more vessels, to 
Diing them to the respective electrodes at which they are liberated. 
Davy pushed this inquiry to its extreme limits, and by various 
experiments, characterised by all that address for which he was 
so remarkable, arrived at certain general results which we shall 
now briefly state. 

Let a aeries of cups 

P i^-> ABODE mt^ « 

be coniiiHsted by capillary siphons, which may be conveniently formed of 
the fibres of asbestos or amianthus. Let any electroMe, a solution of a 
iientral salt for example, be placed in c; and let the other cups be filled 
^th distilled water. Let a plate of platinum connected with the positive 
pole of a voltaic battery be immersed in the cup a, and a similar plate con- 
iiected with the negative pole be immersed in e. The voltaic current Mrill 
then enter the series of cups at A, and passing successively from cup to cup 
^oagh the siphons, will issue from them at e, as indicated by the arrows. 
^ the water in the cups A, b, d, and e be tinged by the juice of red 
cabbage, the property of which is to be rendered red by the presence of an 
^ and green by that of an cUhali. 
The current thus established will, according to Sir H. Davy, decompose 
^ salt in the cup c The acid will be transported through the two siphons, 
>od the water in b to the positive electrode in a, where it will be liberated, 
H will enter into solution with the tinged water. At the same time the 
'kali will pass through the two siphons, and the cup d to the negative 
ectrode, and will enter into solution with the water in d. 
The presence of the acid in a and of the alkali in e will be rendered 
anifest by the red colour imparted to the contents of the former, and the 
een to the latter. 

416. mrbUe beinir transferred tbey are deprived of tbeir 
lemloal property. — Although to arrive at a and e respectively 
e acid must pass through b and the alkali through e, tiieir pre- 
ice in these intermediate cups is not manifested by any change 
colour. It was therefore inferred by Sir H. Davy, that so long 
the constituents of the salt are under the immediate influence 
the current, they lose their usual properties, and only recover 
3m when dismissed at the electrodes by which they have been 
spectively attracted. 

If the direction of the current be reversed, so that it shall enter 
B and issue from a, the constituents of the salt will be trans- 
rted back to the opposite ends of the series, the acid which had 

B 
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been deposited in a will be transferred successively through the 
cups B, c, D, and the intermediate siphons to the cup b, and the 
alkali in the contrary direction from e through d, c, b, and the 
siphons to a. This will be manifested by the changes of colour 
of the infusions. The liquid in a which had been reddened by 
the acid, will first recover its original colour, and then become 
green according as the ratio of the acid to the alkali in it is di- 
minished ; and in like manner the infusion in e, which had been 
rendered green by the alkali, will gradually recover its primitive 
colour, and then become red as the proportion of the acid to the 
alkali in it is augmented. 

During these processes no change of colour will be observed in 
the intermediate cups b and d. 

The intermediate cups b and d being filled with various che- 
mical solutions for which the constituents of the salt had strong 
afiinities, and with which under any ordinary circumstances thej 
would immediately enter into combination, these constituents 
nevertheless invariably passed through the intermediate vessels 
without producing any discoverable effect upon their contents* 
Thus, sulphuric acid passed in this manner through solutions of 
ammonia, lime, potash, and soda, without affecting them. In like 
manner hydrochloric and nitric acids passed through concentrated 
alkaline menstrua without any chemical effect. In a word, acids 
and alkalis having the strongest mutual affinities, were thus reci- 
procally made to pass each through the other without manifesting 
any tendency to combination. 

417. Uxoeption in tbe case of prodaolnir insoluble ooai* 
pounds. — Strontia and baryta passed in the same way through 
muriatic and nitric acids, and reciprocally these acids passed with 
equal facility through solutions of strontia and baryta. But an 
exception was encountered when it was attempted to transmit 
strontia or baryta through a solution of sulphuric acid, . or vice 
versa. In this case the alkali was arrested in transitu by the aoidf 
or the acid by the alkali, and the salt resulting from their combi- 
nation was precipitated in the intermediate cup. 

The exception therefore generalised, included those cases in 
which bodies were attempted to be transmitted through menstrua 
for which they have an affinity, and with which they would form 
an insoluble compound. 

418. Tliis transfer denied by Faraday. — This transmission 
of chemical substances through solutions with which they have 
affinities by the voltaic current, those affinities being rendered 
dormant by the influence of the current which appeared to be 
established by the researches of Davy, published in 1807, and 
since that period rec eived by the whole scientific world as an esta- 
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blighed principle, has litely been affirmed bj Dr. Faraday to be 
founded in error. According to Faraday no such transfer of the 
constituents of a body decomposed by the current can or does take 
. pkce. He maintains that in all cases of electrolysation it is an 
absolutely indispensable condition that there be a continuous and 
unbroken series of particles of the electrolyte between the two 
electrodes at which its constituents are disengaged. Thus, when 
water is decomposed, there must be a continuous line of water 
between the positive electrode at which the oxygen is developed, 
and the negative electrode at which the hydrogen is disengaged. 
In like manner, when the sulphate of soda, or any other salt is 
decomposed, there must be a continuous line of particles of the 
salt between the positive electrode at which the acid appears, and 
the negative electrode at which the alkali is deposited. 

Dr. Faraday affirms, that in Davy's celebrated experiments, in 
which the acid and alkaline constituents of the salt appear to be 
drawn through intermediate cups, containing pure water or solu- 
tions of substances foreign to the salt, the decomposition and 
apparent transfer of the constituents of the salt could not have 
commenced until, by capillary attraction, a portion of the salt had 
passed over through the siphons, so that a continuous line of saline 
particles was established between the electrodes. Dr. Faraday 
admits such a transfer of the constituents, as may be explained by 
the series of decompositions and recompositions involved in the 
hypothesis of Grotthus. 

419. JLpparent transfer explained by Um on Orottlms' 
lijpotlieaU. — It is also admitted by Dr. Faraday, that when pure 
Water intervenes between the metalUo conductors proceeding from 
the pile and the electrolyte, decomposition may ensue, but he 
considers that in this case the true electrodes are not the extre- 
mities of the metallic conductors, but the points where the pure 
water ends and the electrolyte begins, and that accordingly in 
such cases the constituents of the electrolyte will be disengaged, 
not at the surfaces of the metallic conductors, but at the common 
surfaces of the water and the electrolyte. As an example of this 
he produces the following experiment. Let a solution of the 
sulphate of magnesia be covered with pure water, care being 
taken to avoid all admixture of the water with the saline solution. 
Let a plate of platinum proceeding from the negative pole of a 
battery be immersed in the water, at some distance from the 
surface of the solution on which the water rests, and at the same 
time let the solution be put in metallic communication with the 
positive pole of the battery. The decomposition of the sulphate 
will speedily commence, but the magnesia, instead of being de- 
posited on the platinum plate immersed in the water, will appear 

B 2 
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at the common surface of the water and the solution. The water, 
therefore, and not the platinum, is in this case the negative 
electrode. 

420. VaradAy tliiiilui tliat oondaotion and deoomposttion 
are olosely related. — Dr. Faraday maintains that the connec- 
tion between conduction and decomposition, so far as relates to 
liquids which are not metallic, is so constant that decomposition 
may be regarded as the chief means by which the electric current 
is transmitted through liquid compounds. Nevertheless, he admits, 
that when the intensity of a current is too feeble to effect decom- 
position, a quantity of electricity is transmitted sufficient to afiecl 
the reoscope. 

In accordance with those principles, Faraday affirms that water 
which conducts the electric current in its liquid state, ceases to do 
so when it is congealed, and then it also resists decomposition, and 
in fine ceases to be an electrolyte. He holds that the same is true 
of all electrolytes. 

421. Maintains tliat non-metallle liqnldA only eondvet 
wlien capable of decomposltioii by tbe enrrent. — The con- 
nection between decomposition and conduction is further mani- 
fested, according to Dr. Faraday, by the fact that liquids which do 
not admit of electro-chemical decomposition, do not give passage 
to the voltaic current. In short, that electrolytes are the only 
liquid non-metallic conductors. 

422. Faraday's dootrine not universally aoeepted — Povll- 
let's observations. — These views of Dr. Faraday have not jet 
obtained general acceptation ; nor have the discoveries of Davy 
of the transfer and decantation of the constituents of electrolytes 
through solutions foreign to them, been yet admitted to be over- 
thrown. Feschel and other German authorities, in full possessior 
of Faraday*s views and the results of his experimental researches 
still continue to reproduce Davy's experiments, and to refer ^ 
their results and consequences as established facts. Pouill< 
writing in 1 847, and also in possession of Faraday's research 
which he largely quotes, maintains nevertheless the transpori 
the constituents under conditions more extraordinary still, 
more incompatible with Faraday's doctrine than any imagine 
Davy. In electro-chemical decomposition he says, — "There 
once separation and transport. Numberless attempts have 
made to seize the molecule of water which is decomposed, 
arrest en route the atoms of the constituent gases before 
arrival at the electrodes, but without success. For exair 

two cups of water, one containing the positive and the ot^ 
negative wire of a battery, be connected by any conduct 
^ular phenomena will be observed. If the intermediate co 
Tietallic, decomposition wVW. take ^l&ce independently 
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enpa" (m alreadj described), "bat if the intermediate conductor 
be the hmnsn bodj, aa when a penon dip« b finger of one hand 
into the water in one cup, and a finger of the other hand into the 
other, the decompMition will aometime* proceed ta in the case of 
& metallic connection; bnt more generallj oxjgen will I>e di»en- 
g*ged at the wire which enters the positive cap, and hydrogen at 
the wire which enters the n^ative cup, no gases appearing at the 
fingers immersed in the one and the other. It would thus appear 
that one or other of the constituent gasee must pass through the 
bodj of the operator, in order to arrive at the pole at which it is 
disengaged. And even when the two cups are connected bj a 
piece of ice, the decomposition proceeds in the same manner, one 
or other gas appearing to pass through the ice, since tbej are dis- 
engaged at the pdes in the separate cups in the same manner." * 
4.23. l>mwfm «xpartm«atB rep«*tod Mid oonflnned br 
— The experiments of Dbtj, in which the transfer of 
euts of an electroljte through water and through 
lolutions for which these constituents have affinities, was demon- 
■trated, have been repeated bj Becquerel, who has obt^ned the 
lame results. The capillarj siphons nsed bj Becquerel were glass 
tubes filled with moistened claj. He also found that the case in 
■rhich the constituent transferred would form an insoluble com- 
pound with the matter forming the intermediate solution, forms an 
exception to this principle of transfer; but he observed that this 
only happens when the intensitj of the current is insufficient to de- 
compose the compound thus formed in the intermediate solution.f 



trolTtle poirera by ronlUet. — The question whether the de- 
composing agency resides altogether at one or at the other elec- 
trode, or is shared between them, has been recently investigated 
bj M. Pouillet. 

Let three tubes of glass hav- 
■, ing the form of the letter U, 
fy. 26S., be prepared, each of 
the vertical arms being about five 
inches long, and half an inch in 
diameter. Let the curved part 
of the tubes connecting the legs 
have a diameter of about the 
twentieth of an inch when the 
solutions used are good con- 
ductors, but the same diameter 
as the tubes themselves when the 
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conducting power is more imperfect. In this latt«r case, how- 
ever, the results are less exact and satisfactory. 

Let platinum wire £ and e' proceeding from the p>oles of a 
voltaic battery be plunged in the first and last tubes, and let the 
intermediate tubes be connected by similar wires 1 1' and i'' i'". 
Let acidulated water be poured into the tube ei, and the solu- 
tions on which the relative effects of the two electrodes are to be 
examined, into the other tubes 1 1" and i"^ b'. After the electro- 
lysis has been continued for a certain time, the quantity of the 
solution decomposed in each leg may be ascertained by submitting 
the contents of each leg to analysis. The quantity remaining un- 
decomposed being thus ascertained and subtracted from the 
original quantity, the remainder will be the quantity decomposed, 
since the fluids are prevented from intermixing to any sensible 
extent by the smallness of the connecting tube, and by being 
nearly at the same level during the process. It may be assumed 
that the decomposing agencies of the two electrodes, will be pro- 
portional to the quantities of the solutions decomposed in the legs 
in which they are respectively immersed. 

425. Case in irbioli tlie ne§ratiTe electrode alone aets.— 
The current being first transmitted ^through a voltameter to indi- 
cate the actual quantity of electricity transmitted, the tubes e 1, 
\' i" and \'" e' were filled, the first with a solution of the chloride 
of gold, the next with the chloride of copper, and the third with 
the chloride of zinc. Afler the lapse of a certain interval the 
contents of the tubes were severally examined, and it was found 
that the solutions in legs in which the positive electrodes were 
inunersed had suffered no decomposition. The quantities of the 
chlorides contained in them respectively were undiminished, 
whUe the chloride in each of the legs containing the negative 
electrodes was diminished by exactly the quantity corresponding 
to the metal deposited in the negative wire, and the chlorine 
transferred to the positive leg. 

It was therefore inferred that in these cases the entire decom- 
posing agency must be ascribed to the negative electrode. 

The same results were obtained for the other metallic chlorides. 

426. Oases In wbioli tlie electrodes act nnequally. — The 
alkaline chlorides showed somewhat different properties. In the 
case of the chloride of magnesium the agency of the negative was 
found to be greater than that of the positive electrode, but it was 
not exclusively efficacious. In the cases of the chlorides of potas- 
sium, sodium, barium, &c., the agency was also shared by the true 
electrodes, but the agency of the positive electrode was found to 
be greater than the negative in the ratio of about three to one. 

^ZJ. Xdqnld electrodes. — Series of electrolytes in imme- 
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- In general, the electrodes b; whicli the current 
cDKra and departs from an electrolirte, are aolid and most fre- 
quently metallic conductore. In an experiment alreadj oited 
(419.), Faraday has shown that water may become an electrode, 
tod Fouillet in aome recent experiments has succeeded in gene- 
nditing this result, and has shown not only that the current may 
be transmitted to and received from an electrolyte by liquid con- 
ducton, but that a series of difierent electrolytes may become 
mutual electrodes, the current passing immediately from one to 
tbt other without any intermediate conductor, solid or liquid, and 
tint each of them shall be electrolysed. Thus, suppose that the 
Kries of electrolytes are expressed by 
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Uk current as indicated by the arrows entering a, and departing 
Iram d, and being supposed to have sufficient intensity to effect 
ibe electrolysis of all the solutions. Let the electro -negative con- 
Kituents be expressed by a, b, e, d, and the electro-pOBitive by 
"', b', c", d'. It is evident that the points at which any two suc- 
Hading solutions touch, will be at the same time tbe negative 
electrode of the first, and the positive electrode of the second, and 
list, consequently, the positive constituent of the first and the 
negative constituent of the second will be disengaged at this point, 
«nd being in the nascent state will be under the most favourable 
Conditions to combine in virtue of their affinities, and so to form 
new componnda as secondary effects. Thus, the common surface 
of A and B will tie the negative electrode of a, and the positive 
electrode of b, because it is at this surface that the current departs 
from A and enters b, and accordingly the electro-positive consti- 
tuent o" of A, and the electro-negative constituent J of a, will be 
developed at this common surface, and if they have affinity, will 
enter into combination. 

4zS. Mzperlneittal iniutra- 
Uon of thla, — These principles 
may be experimentally illustrated 
and verified by placing the elec- 
trolytic solutions in U-shaped 
tubes T, r', t", as represented in 
fg. 169. 

Let twu electrolytic soIutiDDs a and 
n be introducBd into the first tube T, 
ID carefully aa lo prevent thsin from 
iiitennixJDg, anil let ihelr common 
eurfiKe b« at <?. In like manner let 
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the solations b and c be introdaced into the tube t', and the solations c 
and D into the tube t'", their common surfaces being at o' and o'\ Let the 
legs of the tubes t and t', which contain the solution b, be connected by a 
glass siphon containing the same solution, and the legs of the tubes "f 
and T^', containing the solution c, be similarly connected. Let the positive 
wire of a battery be immersed in a, and the negative wire in d, the currrat 
being sufficiently intense to electrolyse all the solutions.* 

In this case o will be the positive electrode of B, and the negative elec- 
trode of a; o' the positive electrode of c, and the negative electrode of b; 
and o" the positive electrode of d, and the negative electrode of c. 

If A be pure water, b the chloride of zinc, the water being decomposed, 
oxygen will be disengaged at the positive wire, and hydrogen at the common 
surface o. The chloride being also decomposed, the chlorine, its electro- 
negative constituent, will be disengaged at o, where it will enter into com- 
bination with the hydrogen, and form hydrochloric acid, the presence of 
which may be ascertained by the usual tests. The oxide of zinc, the 
electro-positive constituent of b, will be disengaged at o', and will form s 
compound with the electro-negative constituent of c, and so on. 

429. Eleetrolysis of tlie alkalU and eaztlis. — The decom- 
posing power of the voltaic current had not long been known 
before it became, in the hands of Sir H. Davy and his successors, 
the means of resolving the alkalis and earths, before that time 
considered as simple bodies, into their constituents. This class of 
bodies was shown to be oxidised metals. When submitted to 
such conditions as enabled a strong voltaic current to pass through 
them, oxygen was liberated at the positive electrode, and the 
metallic base appeared at the negative electrode. 

430. Tbe series of new metals. — A new series of metals 
was thus discovered, which received names derived from those of 
the alkalis and earths of which they formed the bases. Thus, the 
metallic base of potash was called potassium^ that of soda, sodium^ 
that of lime, calcium^ that of silica, silicium^ and so on. 

In many cases it is difficult to maintain those metals in their 
simple state, owing to their strong affinity for oxygen. Thus 
potassium, if exposed to the atmosphere at common temperatures, 
enters directly into combination with the air, and bums. When 
it is desired to collect and preserve it in the metallic state it is 
decomposed by the current in contact with mercury, with which it 
enters into combination, forming an amalgam. It is afterwards 
separated by distillation from the mercury, and preserved in the 
metallic state under the oil of naphtha, in a glass tube hermeticall/ 
closed, the air being previously expelled. 

43 1 . Seboenbeln's experiments on tbe passivity of iroSi 

* This is not the experimental arrangement adopted by M. Ponillet It 
has occurred to me, as a method of exhibiting his principle under a id(H« 
general form and somewhat more clearly and satisfactorily than hit tp* 
paratu9, in which the siphons s, s' have no place. 
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— Among the effects of the yoltaic current which have been not 
satisfactorily or not at all explained, are those by which iron, 
under certain conditions, is enabled to resist oxidation even when 
exposed to agents of the greatest power; such, for example, 
as nitric acid. The most remarkable researches on this subject 
are those of Schoenbein. In his experiments, the wires proceeding 
from the poles of the battery were immersed in two mercurial 
cups, which we shall call p and n. A bath of water b, acidulated 
with about 8 per cent, of sulphuric acid, was then connected with 
the cup N by a platinum wire. A piece of iron wire was placed 
with one extremity in p, and the other in the bath b. No oxi- 
dation was manifested at the end immersed in the bath, and no 
hydrogen was evolved at the platinum wire. In fine, no elec- 
trolysis took place. 

Several circumstances were found to restore to the iron its 
oxidable property, and to establish the electrolysis of the liquid 
in the bath, but only for a short interval of a few seconds. These 
circumstances were : — l . The contact for a moment of the pla- 
tinum and iron wires in the bath. 2. The momentary suspen- 
sion of the current by breaking the contact at any point of the 
circuit. 3. The contact of any oxidable metal, such as zinc, 
tin, copper, or silver, with the iron in the bath. 4. The momen- 
tary diversion of a portion of the current, by connecting the cups 
p and N by a copper wire, without breaking the connections of 
the original circuit. 5. By agitating the end of the iron wire in 
the bath. 

If in connecting b and p by the iron wire the wire be first im- 
mersed in b, oxidation will take place for some seconds afler the 
other acid is immersed in p. 

The intensity of the current diverted by connecting the cups 
p and N by a copper wire, can be varied at pleasure by varying 
the length and section of the connecting wire (375.)« When 
such a derived current is established, several curious and inte- 
resting phenomena are observed. When the derived current has 
great intensity, no effect is produced upon the iron. Upon 
gradually diminishing the intensity of the derived current, the 
iron becomes active, that is, susceptible of oxidation. With a less 
intensity it again becomes passive, and the oxidation ceases. As 
the derived current is gradually reduced to that intensity at which 
the iron becomes penn&nentlj passive, there are several successive 
periods during which it is alternately active and passive, the 
intervals between these periods being less and less. In the appa- 
ratus of Schoenbein the iron became permanently active when the 
copper wire conducting the derived current was half a line thick, 
and from 6 inches to 1 6 feet long. 
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These effects are reproduced with all the oxacids, but are not 
manifested either with the hydracids or the Haloid salts. 

432. Otber metliodB of rendering iron passive. — Iron maj 
be rendered passive also by placing it as the positive electrode in 
a solution of acetate of lead with a current of ordinary intensity. 
The iron should be immersed in the solution for about half a 
minute to a depth of about half an inch. A wire thus treated, 
being washed clean, acquires the permanently passive property, 
even though the part immersed in the solution has not been coated 
with the peroxide of lead. And in this case the conditions above 
stated, under which it recovers momentarily its active character, 
become inoperative. 

Iron thus galvanised acquires to a great degree the virtue of 
platinum and the other highly negative metals, and for many pur- 
poses may be substituted for them. Thus Schoenbein has con- 
structed voltaic batteries of passive iron and zinc. 

The iron wire used for telegraphic purposes is rendered passive 
by this process. 

433. Tree of Satnm. — The well known experiment of the 
Tree of Saturn presents a remarkable example of the effect of a 
feeble current of long continuance. A bundle of brass wires is 
passed through a hole made longitudinally through the centre of a 
bottle cork, and fitted tightly in it so as to diverge in a sort of 
cone from the bottom of the cork. A plate of zinc is then tied 
round the wires at the point where they diverge from the cork, so 
as to be in contact with all the wires. The wires and cork are 
then introduced into a glass flask containing a limpid solution of 
the acetate of lead, and the top of the cork luted over to prevent 
the admission of air. The zinc and brass thus immersed in the 
solution form a voltaic pair, and a current passes through the 
solution from the zinc to the wire. The water of the solution is 
slowly decomposed, the oxygen combining with the zinc, and the 
hydrogen attracting the oxygen from the oxide of lead, and 
reproducing water, while the metallic lead attaches itself to the 
wires. The acetic acid, liberated by the secondary decomposition 
of the acetate of lead, enters into combination with the oxide of 
zinc, and produces the acetate of that metal, which passes into 
solution in the water. The contents of the flask are gradually 
converted into a solution of the acetate of zinc, and the metallic lead, 
the process being very slow, is crystallised in a variety of beautiful 
forms upon the divergent brass wire. 

434. BaTJ's metbod of preservin§r tlie copper sbeathliif 
of sbips. — The method proposed by Sir H. Davy to preserve 
from corrosion the copper sheathing of ships, depends on the long- 
continued action of feeble currents. The copper is united with 1 
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mass of zinc, iron, or some more oxidable metal, so as to form a 
voltaic combination. The sea water being a weak solution of salt, 
a feeble permanent current is established between the more and 
less oxidable metals, passing through the water from the latter to 
the former, and causing its slow decomposition. The oxygen 
combines with the protecting metal, and the hydrogen disengaged 
on the copper, decomposes the salts held in solution in the sea 
water, attracting their oxide constituents, such as lime, magnesia, 
&c., which are deposited upon the copper in a rough crust. Upon 
the coating thus formed collect marine vegetation, shells, and 
other substances. Thus, while the copper sheathing is preserved 
from corrosion, there arises the counteracting circumstance of an 
appendage to the hull of the ship, which impedes its sailing qualities* 
435. Clieiiileal effects produced in ▼oltale batteries. — 
The fluids interposed between the solid elements of all forms of 
voltaic arrangements may be regarded as electrolytes, the solid 
elements in contact with them being the electrodes. In all ar- 
rangements in which one acid solution is interposed between two 
solids, one of which is more oxidable than the other, the primary 
chemical effect is the decomposition of the water of the solution) 
the oxygen being disengaged upon the more, and the hydrogen 
upon the less, oxidable metal. The partisans of the chemical 
origin of the current contend, that in this case the oxygen gives 
up its negative electricity to the more oxidable, and the hydrogen 
its positive to the less oxidable metal, so that if those metals be 
connected by a metallic wire outside the system, a current will be 
established on the wire, directed from the less to the more oxid- 
able metal, which is found to be in effect what actually takes 
phice. 

The secondary effects are very various and complicated, and 
are in accordance with the principles of electrolytic action already 
explained. The first is the production of an oxide of the more 
Oxidable metal. If the liquid element be an acid solution, this 
Oxide will, in general, enter into combination with the acid, form- 
ng a salt which will be the next secondary effect. The hydrogen 
ivolved against the less oxidable metal, may either be liberated in 
;he gaseous state, or attract an equivalent of oxygen from one of 
iie substances dissolved in the liquid element, thereby reproducing 
vater, and decomposing the substances thus attacked. 

436. Bffeot of amal§ramatin§r tlie sine. — The advantage 
vhich attends the amalgamation of the zinc (174.), in batteries in 
irhich that metal is used, is, that it is thus protected from the direct 
iction of the acid by which the metal would be consumed, without 
contributing to the supply of the current. Zinc, being a metal 
eminently susceptible of oxidation, would be affected by the acid 



252 VOLTAIC ELECTRICITY. 

even in the weakest solutions, and a portion of the metal, more or 
less according to the strength of the solution, would be oxidated, 
a corresponding quantity of the acid being decomposed. This 
would produce the twofold inconvenience of the inefiectual con- 
sumption of both the metal and the acid. By the process of amal- 
gamation the surface of the zinc is coated with a thin stratum of 
amalgam, which is proof against the acid, and which, on the otber 
hand, increases the susceptibility of the metal to combine with 
the oxygen disengaged from the water by the current. 

437. Bffeots In Smee'B battery. — The preceding observations 
are more or less applicable to all the single fluid arrangements 
described in (171.) to (175O1 ^ ^^^ aslo Smee's system (182.). 
It has been found that the intensity of the current in the system 
of Smee, has been greatly augmented by plaiinisaHon of the sur- 
face of the metal used as the negative pole of the system. The 
process by which this effect is produced is as follows. The surface 
of the metal being scraped quite clean, it is immersed in a solution 
of the double chloride of potassium and platinum, and being con- 
nected with the negative pole of a battery, of which the positive 
pole is connected with the solution by a plate of platinum im* 
mersed in it, electrolysation takes place, platinum being deposited 
on the negative electrode as a secondary result. The positive 
platinum electrode is meanwhile attacked by the chlorine, and 
dissolved so as to maintain the solution in the proper state of satu* 
ration. 

Mr. Smee, ai^r trying plates of iron and silver, substituted for 
them plates of platinum, the surface of which was platinised bj 
this process, and an improved action ensued. M. Bouquillon 
substituted for them a plate of copper, upon the surface of which 
a rough coating of copper was first deposited by a similar process, 
and upon this a coating of silver, over which a coating of platinum 
was deposited. By this means the plate is stated to have acquired 
in the highest degree the power of liberating the hydrogen, and 
stimulating the current. 

438. Zn 'VTbeatstene's battery. — In the system of Wheat- 
stone (183.), in which a single fluid, a saturated solution of sul- 
phate of copper, is used as the exciting fluid, the water of the 
solution is electrolysed. The oxygen combines with the zinc of 
the amalgam, and forms as a secondary result an oxide. The 
hydrogen disengaged upon the copper acts upon the sulphate, 
whose constituents are sulphuric acid and the protoxide of copper. 
It attracts the oxygen from the protoxide, with which it combines, 
forming water. The metallic copper and the acid are both libe- 
rated, the latter entering into combination with the oxide of sine, 
and forming the sulphate of that oxide. For each equivalent of 
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zinc oxidated, there is therefore an equivalent of metallic copper, 
and an equivalent of the sulphate of the oxide of zinc produced. 

439. Zb tli« two llnld battert«a. — In batteries in which two 
fluids separated by a porous diaphragm are interposed between 
the solid elements, chemical effects somewhat more complicated 
are exhibited, and indeed authorities are not in accordance as to 
the principles on which the phenomena are explicable. 

440. 0<roT«*B battery. — In the case of Grove*s battery (177.), 
the primary phenomenon is the decomposition of the water of the 
two solutions which is effected through the cylinder of porous 
porcelain, the oxygen being disengaged upon the zinc, and the 
hydrogen upon the platinum. The secondary effects are — i. The 
oxidation of the zinc. 2. The combination of the oxide with the 
add, producing sulphate of zinc, which is deposited in the acid 
solution. 3. The combination of the hydrogen with one equivalent 
of the oxygen of the nitric acid, by which water is reproduced, 
and the nitric reduced to nitrous acid, which is evolved in the 
gaseous state. 

441. Bmasen's battery.— The same phenomena are manifested 
in the battery of Bunsen (178.), which differs from that of Grove 
only in the substitution of the carbon for the platinum element. 

442. Daniers battery. — The theory of the chemical pheno- 
mena developed in the operation of Daniel's constant battery 
(179.), has not been clearly determined. During the performance 
of the apparatus metallic copper is deposited on the copper cylin- 
dercc,,/^. 120., which contains the solution of the sulphate of 
copper. The. solution itself would become gradually less concen- 
trated, but it is maintained in a state of saturation by the con- 
tinual dissolution of the salt, which rests upon the wire grating g, 
and the sulphate of the oxide of zinc accumulates in the cylinder 
pp. The fluid in this vessel pp, which is at the beginning a weak 
solution of sulphuric acid, is gradually converted into a solution 
of the sulphate of zinc, which is stated by Ffaff, Faggcndorf, and 
others to be nearly as effective as an exciting fluid as the original 
acid solution. The electro-motive virtue of the zinc in this case 
is therefore but little, and that of the copper not at all, impaired 
by the continued action of the battery. 

The chemical changes which are effected in this battery may be 
explained as follows : — A double electrolysis may be imagined as 
a primary effect, that of the water contained in the two solutions, 
the electrolytic action being transmitted through the intermediate 
porous cylinder and that of the sulphate, the acid constituent 
b^g transmitted to the zinc through the porous cylinder and 
through the solution contained in it, in the same manner as the 
constituents of the electrolyte in Davy's experiments (415.), 
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were transmitted through the capiUarj siphons and the interme- 
diate solutions. The secondary phenomena would be as follows: 
— The hydrogen of the decomposed water developed on the copper 
in a nascent state, would attract the oxygen of the oxide of 
copper also developed on the copper in a nascent state by the 
decomposition of the salt. Water would thus be reproduced in a 
quantity equal to that lost by decomposition, and the metallic 
copper of the oxide would be deposited on the copper cylinder. 
The solution of the sulphate being reduced below saturation by 
the amount of the salt thus decomposed, an equal quantity would 
be received by dissolution from the salt in g, which would restore 
it to the state of saturation. Meanwhile the acid constituent of 
the salt would be transferred to the zinc, where it would combine 
with the oxide of that metal formed by its combination with the 
oxygen of the decomposed water developed upon it, and the sul- 
phate of the oxide would be formed, which would be dissolred in 
the solution, leaving the amalgamated zinc free to the further 
operation of the current. 

This interpretation of the phenomena cannot be admitted by 
those who, with Dr. Faraday, reject the principle of the transfer 
of an electrolyte through a menstruum foreign to it, unless indeed 
it be assumed that some small portions of the sulphate must pass 
through the porous cylinder, and mix with the acid solution. 

However this may be, we are not aware that any other satis- 
factory explanation has been proposed for the phenomena deve- 
loped in this battery. 



CHAP. xrv. 

ELECTBO-METAIiLITRQT. 

443. Orlffin of tbia art. — The decomposing power of the voltaic 
current applied to solutions of the salts and oxides of metals has 
supplied various processes to the industrial arts, which inventors, 
improvers, and manufacturers have denominated galvano-plastic, 
electro-plastic, galvano-type, electrotype, and electro-plating and 
gilding. These processes and their results may be comprehended 
under the more general denomination, JElectro-meiaUurgy. 

444. Tlie metallic oonstitaeiit deposited on tlie nefstlv* 
electrode. — If a current of sufficient intensity be transmitted 
through a solution of a salt or oxide, having a metallic base, it 
will be understood, from what has been already explained, that 
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"while the oxygen or acid if developed at the positiye electrode, 
the metal will be evolved either by the primary or lecondary 
aotion of the current of the negative electrode, and being in the 
nascent state, will have a tendency to combine with it, if there 
be an affinity, or to adhere to it by mere cohesion, if not. 

445. Any toodj may b« used mm Utm neyatlTe •leotrod«. — 
The bodies used as electrodes must be superficially conductors, 
nnce otherwise the current could not pass between them; but 
labject to this condition, they may have any material form or 
magnitude which is compatible with their immersion in the solu- 
tbn. If the body be metallic, its surface has necessarily the con- 
ducting property. If it be formed of a material which is a non- 
conductor, or an imperfect conductor, the power of conduction 
may be imparted to its surface by coating it with finely powdered 
black lead and other similar expedients. This process is called 
mtaUmng the surface. 

446. Vse of a aolubl« positiT« •l«otrod«. — By the continu- 
ance of the process of decomposition the solution will bo rendered 
gradually weaker, and the deposition of the metal would go on 
more slowly. This inconvenience is remedied by using, as the 
positive electrode, a plate of the same metal, which is to be depo- 
sited on the negative electrode. The acid or oxygen liberated in 
the decomposition, in this case, enters into combination with the 
Hietal of the positive electrode, and produces as much salt or 
Oxide as is decomposed at the other electrode, which salt or oxide 
being dissolved as fast as it is formed, maintains the solution at a 
Nearly uniform degree of strength. 

447. Oondittona wbiob affect tlie atata oftlia metal depo« 
tlted. — The state of the metal disengaged at the negative elec- 
trode depends on the intensity of the current, the strength of the 
solution, its acidity, and its temperature, and the regulation of 
these conditions in each particular case will require much prac- 
tical skill on the part of the operator, since few general rules can 
be given for his directicm. 

In the case, for example, of a solution of one of the salts of 
oopper, a feeble current will deposit on the electrode a coating of 
copper so malleable that it may be cut with a knife. With a more 
intense current the metal will become harder. As the intensity 
of the current is gradually augmented, it becomes successively 
brittle, granulous, crystalline, rough, pulverulent, and in fine 
loses all cohesion, — practice alone will enable the operator to 
observe the conditions necessary to give the coating deposited on 
the electrode the desired (Quality. 

448. Tbe deposit te be of uiilldrm tblcluieee. — It is in all 
cases desirable, and in many indispensable, that the metallic 
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coating deposited on the electrode shall have an uniform thickness. 
To insure this, conditions should be established which will render 
the action of th& current on every part of the surface of the elec* 
trode uniform, so that the same quantity of metal may be deposited 
in the same time. Many precautions are necessary to attain this 
object. Both electrodes should be connected at several points 
with the conductors, which go to the poles of the battery, and they 
should be presented to each other so that the intermediate spaces 
should be as nearly as possible equal, since the intensities of the 
currents between point and point vary with the distance. The 
deposition of the metal is also much influenced by the form of the 
body. It is in general more freely made on the salient and pro- 
jecting parts, than in those which are sunk. 

449. Means to prevent absorption of tlie solution by the 
electrode. — K the body on which the metallic deposit is made 
be one which is liable to absorb the solution, a coating of some 
substance must be previously given to it which shall be impervious 
to the solution. 

450. xronoondnctin§r coating used wbere partial deposit 
is required. — ^When a part only of a metallic or other conducting 
body is desired to be coated with the metallic deposit, all the parts 
immersed not intended to be so coated are protected by a coating 
of wax, tallow, or other nonconductor. 

451. Application of tbese principles to tfllding, silTeriBTf 
dtc. — The most extensive and useful application of these prin- 
ciples in the arts is the process of gilding and silvering articles 
made of the baser metals. The article to be coated with gold 
being previously made clean, is connected with the negative pole 
of the battery, while a plate of gold is connected with its positive 
pole. Both are then inmiersed in a bath consisting of a solution 
of the chloride of gold and cyanide of potassium, in proportions 
which vary with different gilders. Practice varies also as to the 
temperature and the strength of the solution. The chloride is 
decomposed, the metallic base being deposited as a coating on the 
article connected with the negative pole, and the chloride com- 
bining with a corresponding portion of the gold connected with 
the positive pole, and reproducing the chloride which is dissolved 
in the bath as fast as it is decomposed, thus maintaining the 
strength of the solution. 

A coating of silver, copper, cobalt, nickel, and other metals is 
deposited by similar processes. 

4^2. Oases in wbieb tlie eoatin§r is inadbesive. — When 
the article on which the coating is deposited is metallic, the coat* 
ing will in some cases adhere with great tenacity. In others, the 
result is less satisfactory ; as, for example, where gold is deposited 
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on iron or steel. In such cases the difficulty may be surmounted 
bj first coating the article with a metal which will adhere to it, 
and then depositing upon this the definite coating. 

453. Appllcatioii to tflldkngf ■ilTerln§rf or bronsin§r objeots 

of art. — The extreme tenuity with which a metallic coating may 
be deposited by such processes, supplies the means of imparting 
to various objects of art the external appearance and qualities 
of any proposed metal, without impairing in the slightest degree 
their most delicate forms and lineaments. The most exquisitely 
moulded statuette in plaster may thus acquire all the appearance 
of having been executed in gold, silver, copper, or bronze, without 
losing any of the artistic details on which its beauty depends. 

454. Prodnetloii of metallle moulds of artleles. — If it be 
desir^ to produce a metallic mould of any object, it is generally 
necessary to mould it in separate pieces, whi^h being afterwards 
combined, a mould of the whole is obtained. That part intended 
to be moulded is first rubbed with sweet oil, black lead, or some 
other lubricant, which will prevent the metal deposited from 
adhering to it, without separating the mould from the surface, in 
80 sensible a degree as to prevent the perfect correspondence of 
the mould with the original. All that part not intended to be 
moulded is invested with wax or other material, to intercept the 
solution. The object being then inmiersed, and the electrolysis 
(^blished, the metal will be deposited on the exposed surface. 
When it has attained a sufficient thickness the object is with- 
drawn from the solution, and the metallic deposit detached. It 
^ be found to exhibit, with the utmost possible precision, an 
impression of the original. The same process being repeated for 
^h part of the object, and the partial moulds thus obtained being 
Combined, a metallic mould of the whole will be produced. 

455. Productioii of objects in solid metal. — To reproduce 
any object in metal it is only necessary to fill the mould of it, 
obtained by the process above explained, with the solution of the 
cnetal of which it is desired to form the object, the surface of the 
aiould being previously prepared, so as to prevent adhesion. The 
lolution is then put in connection with the positive pole of the 
^ile, while the mould is put in connection with the negative pole. 
The metal is deposited on the mould, and when it has attained the 
necessary thickness the mould is detached, and the object is ob- 
tained. 

In general, however, it is found more convenient to mould the 
object to be reproduced in metal by the ordinary processes in 
^ax, plaster of parls, or fusible alloy. When they are made in 
"^ax, plaster, or any nonconducting material, their inner surfaces 
miust be rubbed with black lead, to give them the conducting 

8 
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power. When the deposit is made of the necessary thickness, the 
mould is broken off or otherwise detached. 

Statues, statuettes, and bas-reliefs in plaster can thus be re- 
produced in metal with the greatest facility and precision, at an 
expense not much exceeding that of the metal of which they are 
formed. 

456. Reprodnotlon of stereotypes and engraTed platM«— 
A mould in plaster of paris, wax, or gutta percha, being taken 
from a wood engraving and a stereotype plate, a stereotype may 
be obtained from the mould by the processes above described. 
The pages now before the reader have been stereotyped by this 
process. 

Copper or steel engraved plates may be multiplied by like 
methods. A mould is first taken, which exhibits the engraving in 
relief. A metallic j)late deposited upon this by the electrolytic 
process will reproduce the engraved plate. 

457. MetaUUln§r textile llabrios. — The electro-metallargic 
processes have been extended by ingenious contrivances to other 
substances besides metal. Thus a coating of metal may be de* 
posited on cloth, lace, or other woven fabrics, by various ingenious 
expedients, of which the following is an example : — On a plate of 
copper attach smoothly a cloth of linen, cotton, or wool, and then 
connect the plate with a negative pole of a voltaic battery, im- 
merse it in a solution of the metal with which it is to be coated, 
and connect a piece of the same metal with the positive pole ; de- 
composition will then commence, and the molecules of metal, as 
they are separated from the solution, must pass through the cloth 
in advancing to the copper to which the cloth is attached. In 
their passage through the cloth they are more or less arrested by 
it. They insinuate themselves into its pores, and, in fine, form a 
complete metallic cloth. Lace is metallised in this way by first 
coating it with plumbago, and then subjecting it to the electro- 
metallurgic process. 

Quills, feathers, flowers, and other delicate fibrous substances 
may be metallised in the same way. In the case of the most 
delicate of these the article is first dipped into a solution of phos- 
phorus and sulphate of carbon, and is well wetted with the liquid. 
It is then immersed in a solution of nitrate of silver. Phosphorus 
has the property of reviving silver and gold from their solutions. 
Consequently, the article is immediately coated with a very atte- 
nuated fibre of the metal. 

458. aiyplioffrapby. — If a thin stratum of wax or other soft 
substance be spread upon a plate of metal, any subject or design 
may be engraved upon the coating without more labour thau 
would be expended on a pencil drawing. When the engraving is 
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thus made on the wax it is subjected to the electrotype process, 
by which a sheet of copper or other metal is deposited updh it. 
When this is detached it exhibits in relief the engraving, from 
which impressions maj be produced in the same manner as from a 
wood engraving, to which it is altogether analogous. 

459. Soprodnotton mt dacnerreotjpea. — One of the most 
remarkable and unexpected applications of the electrotype process 
is to daguerreotypes. The picture being taken upon the plate by 
the usual process of daguerreotype, a small part of the back is 
cleaned with sand paper, taking care not to allow the face of the 
plate to be touched. A piece of wire is then soldered to the part 
of the back thus prepared. The plate is then immersed in a solu- 
tion of copper, and connected with the battery, the back being 
protected by a coating of wax. Afler a deposit of sufficient depth 
has been made upon the face of the plate, it is withdrawn from 
the solution, and the plate of copper deposited being detached, 
exhibits the picture with an expression softer and finer than the 
original. By this process, when conducted with skill, several 
copies may be taken from the same daguerreotype. 

If the electrot3rpe copy thus obtained be passed through a weak 
solution of the cyanide of gold and potassium, in connection with a 
weak battery, a beautiful golden tint will be imparted to the 
picture, which serves to protect it from being tarnished. 

460. Cktlrano-plaatio apparatiia. — Having thus explained, 
generally, the principles upon which the galvano-plastic processes 
are conducted, and the principal expedients by which they are 
applied in the arts, we shall show the forms given in practice to 
the apparatus by which the effects described above are produced. 

One of the most simple forms consists of a cistern filled with a saturated 
solution of the sulphate of copper. Two brass rods, communicating one 
with the positive and the other with the negative pole of a voltaic batter^*, 
are placed upon it, from which the mould, which has been previously pre- 
pared, is suspended. A plate of pure copper being suspended from the 
other rod and also immersed in the solution, the decomposition of the sul- 
phate of copper commences the moment the current is established. Its 
add and oxygen constituents are attracted to the positive electrode, while 
the pure copper is deposited on the negative electrode, which is in this case 
the mould. Several moulds may be suspended from the same rod, and the 
process will go on simultaneously with all of them. After the lapse of about 
forty-eight hours, the moulds will be found covered with a solid and 
compact stratum of copper, the adhesion of which to the mould will be 
prevented by the means already explained. 

The best moulds are those of gutta percha. To make them, the medal or 
other object to be reproduced is first covered with plumbago, which will 
prevent its adherence to the gutta percha. The gutta percha being then 
softened by heating it in warm water, it is applied with a gentle pressure 

s 1 
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upon the object to bs leprodnced. After being left to cool and harden, Its 
deURied from thB object, of which it will retain ■ perfect impreaaioD. 11k 
gutts perchu moaldttaua prodoCBd being coaled with plumbsgo to girt it dig 
coniiucting power, it ia Biupended in the Kilattoii, aod connecUd witb Ik' 
negetire pole of the batierr. 

The plate of copper c, which serves as the negative electrode, iIh miiD- 
tains the ■olution at the point of ularation ; for the acid and Dijgea, irbkli 
are disengaged in contact with it, enter into combination immodiaWlj "ili 
the copper, producing the sulphate of that metal, which is disaolved in the 
aolutioD, replacing that which it has lost hy decomposition. 

461. Bimple yalvtuio-vlMtlo appftnttiu, — A foim of ippi- 
ratus commonly used is reoreaented in fig. 271., where a ia i 




brass rod, supported hj books 1, z, 3, 4, on the edge of ft Ingi 
cylindrical lesael of glaes or porceldn. One of these hook^ i 
supports a vertical rod a, on which there is a metallic ball pieroed 
horizontally, in which a conducting rod h is held by the ti^teidB| 

Supposing the deposit required ia copper, the solation of the aulphiM tl 
copper is poured into the veteeL lothisTessel ia immersed ■ smaller ^i«- 
drical vessel u N of unglazed porcelain filled with acidulated water, in vUtt 
a<7llnder o of amalgamated zinc connected with ir Is plongad. 

Let small hage B B, filled with cryaUla of the sulphate of copper, bem- 
pended upon the edge of the vessel and immersed in the solDiion, so that •) 
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>d bj derompaaition, tbe» crvstala ihilt be diwolved 
depoiited, be 



ring A by m 






ill tbiu be fermed, since the copper electrodes f t t, &c., vill bi 
Ilic oonnccCion by tbe ring a, the rod a, and the iHiiiductor n, 
I xinc cylinder o; to that the whale will form s lingle peir on 
qwtem (17J.). 'Hie being done, the decomposition of the wlotion 
:eed, copper will be deposited upon fvt, &c, end the ■trength 
jlnKon will be restored by the diseolution of the copper crystals 
igasa. 

■pensar'B almple apparBtiu. — A bladder cover s, 
;., is tied upon one of the mouths of a cylindrical glass 
i, open at top and botKnn, bo as to form a diaphr^m. 
iBtAllic Bolntionbelngponred into the cyllndilcal resHlCiB la plunged 
li the end covered by the bladder downwards, and is then purUally 
Ch acidulated water. This veuel is aapported by a brass ring H M 
in the edge of the vessel c> to which the conductors a and v are 
, one ■ being connected with a disc of zinc A immersed in Ihe 
id water In a, and the other with a similar disc of copper B immersed 
InUon in c. 
pparatoB acta npoa the same principle as that described above. 

rsn'a aimpie Mppormmw. — Thia does not diSer much 

oae above described. 

blinder cfy. 173.. la filled with acidulated w 
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in. The condactlng rod D c, in contact with t 
untcates nith the object u to ba metalliwd b 
icka s a fllled with crystals of the aulphate ara 



zinc B, by tht rod t. 
merHid in the metillic 



464. Brandelr-a •lmpl« appkratu. — In this appBrMu* tlie 
metallic bath ia contained in a large ciWern of glased wrtheMite 
-. Jig- *74- 




A aack made of goldbeaters' skin aerTing u a diaphragm ia nailed to ilie 
edge of a long dit mads in a beam of wood c C, which reel* upon the elge 
of the claUrn o. lliia aack a a is filled with acidulated water, in wbick 1 
plate of zinc A is immeraod. Thia zinc ie connected b; the melallic ribliM 
p and the rod D D, and the hooka i, z. 3. with the objecta to tie mettlliaili 
which are eugpended in the metallic bath contained in the ciatern o. Tha 
atrength of thia solution ia mtdntained aa befbre by bogs of the aalt aa 
aaspended in iL The actiwi ii in all lespecU liinilar to that of those tirttAj 
deacHbed. 

46J. OompanaA ralrano-plutlo spporsttia. — In the ar- 
rangements above described, the metallio bath in which the proce* 
is oooducted constitutes a part of the voltaic apparatus. 

In other arrangements, called the compound appatatna, the batteiy U 
placed oulalde and apart lirom the metallic bath, and may be at any diiltiK* 
from it, or even in another room. Such a compound apparatus ia reivesniKd 
iafg. 175., where B ia the melallic balh, and r the pile. Two metallic mdi 
I and I cammnnicate with the positive and negative poles of the pile. On 
the negative rod 3 are auspeniled the oI>jects to be metalliaed, and on tti< 
positive rod I ft plate A of the metal which is contained in the solution. 

The circuit being closed, the metal decompoaed in the solution bv lb« 
current is deposited upon the objects en to be metallised, wbil* a cene- 
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^londlng porthm of the metal of the plate a combiDing with the acid eoten 
into tbt solution, and maioCains its etreogtb; oa otyect ubich i* rarther 
■fiiimpli4had by the bag* «r erf aWU ss. 




In the simple appantoa the cent 
V the traonnisaion of the two liquid solntl 
poroiu diaphragm. This is avoided In the 
Kiibed, and othscs of dnilar arrangemeiit. 



466. CommoB prlnolpla of bU eleotrlo telernwlu. — Of all 

the applications of electric agencj to the uses of life, that whicb is 
traDBcendeotly the moat admirable in ita effects, and the most 
important in its consequences, is tlie electric telegraph. No force 
of habit, howcTer long continued, no degree of familiarity, can 
efface the sense of woDder which the effects of Ibia moat marvellous 
application of science eacite. 

The electric telegraph, whatever form it raay assume, derives 
its efficiency from the three following conditions ; — 

I. A power to develop the electric fluid continuouel]', and in 
the necessary quantity. 
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2. A power to convey it to any required distance without being 
injuriously dissipated. 

3. A power to cause it, afler arriving at such distant point, to 
make written or printed characters, or some sensible signs serving 
the purpose of such characters. 

The apparatus from which the moving power by which these 
effects are produced is derived, is the voltaic pile. This is to the 
electric telegraph what a boiler is to a steam engine. It is the 
generator of the fluid by which the action of the machine is pro- 
duced and maintained. 

We have therefore first to explain how the electric fluid gene- 
rated in the apparatus just explained, can be transmitted to a 
distance without being wasted or dissipated in an injurious degree 
en route. 

If tubes or pipes could be constructed with suflicient facility 
and cheapness, through which the subtle fluid could flow, and 
which would be capable of confining it during its transit, thb 
object would be attained. As the galvanic battery is analogous 
to the boiler, such tubes would be analogous in their form and 
functions to the steam pipe of a steam engine. 

467. Condnotinff wires. — I'f a wire, coated with a noncon- 
ducting substance capable of resisting the vicissitudes of weather, 
were extended between any two distant points, one end of it being 
attached to one of the extremities of a galvanic battery, a stream 
of electricity would pass along the wire — provided the other end 
of the wire were connected by a conductor with the other extremity 
of the battery. 

To fulfil this last condition, it was usual, when the electric 
telegraphs were first erected, to have a second wire extended from 
the distant point back to the battery in which the electricity was 
generated. But it was afterwards discovered that the earth itself 
was the best, and by far the cheapest and most convenient, 
conductor which could be used for this returning stream of 
electricity. 

Instead, therefore, of connecting the poles of the battery by a 
second wire, they are connected respectively with the earth by 
two independent wires, so that the returning current is first 
transmitted to the earth, and through the earth to a corresponding 
wire at the distant station, to which a telegraphic communication 
is made. 

This arrangement will be more readily understood by reference 
to Jig. 276. If p be the point from which the current is trans- 
mitted, it will pass along the wire pto & plate of metal, five or six 
feet square, buried in the earth, from whence it will pass through 
the earth, as indicated by the arrows, to another plate of metal n\ 
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from tbence, bj the wire n, to the negative pole a of the 

rrj. 

. the arntngemeDt, as here represented, the current is trsus- 




d through the wire and the earth from the positive to the 
ive pole of the same batterj. But the effects will be preciselj 
une if p be imagined to represent the positive pole of a 
•J at any one station, and h the negative pole of a different 
y at an J othBr station, however distant; provided only that 
egative pole of the fm-nier battery be connected with the 
ve pole of the latter by a wire, or series of wires, or any 

cnntinuoiis conductors. 

has not been found necessary in practice to wrap the wires 
silk, or to case them with any other nonconductor. They 
'.J consist of iron, which is recommended at once by its 
{th and cheapness, and are coated with zinc, the better to 

oxidation, by the galvanic process. 

i wires thus prepared are usually suspended on posts from 
I t« thirty feet high, and at intervals of about sixty yards 
177.), which is at the rate of about thirty to a mile. 

each of these poles are attached as many tubes or rollers of 
Idn or glass as there are wires to be supported. Bach wire 
I through a tube, or is suf^rted on a roller ; and the mate- 
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rial of the tubes or rollers being among the most perfect of the 
class of nonconducting substances, the escape of the electricity at 
the point of contact is prevented. 





Fig. 277. 

468. Although the mode of carrying the conducting wires at ft 
certain elevation on supports above the ground has been the most 
general mode of construction adopted on telegraphic lines, it bas 
been found in certain localities subject to difficulties and incon- 
venience, and some projectors have considered that in all cases it 
would be more advisable to carry the conducting wires under 
ground. 

This underground system has been adopted in the streets of 
London, and of some other large towns. The English and Irish 
Magnetic Telegraph Company have adopted it on a great extent 
of their lines, which overspread the country. The European 
Submarine Telegraph Company has also adopted it on the line 
between London and Dover, which follows the course of the 
old Dover mail-coach road by Gravesend, Rochester, and Can- 
terbury. 

469. The methods adopted for the preservation and insulation 
of these underground wires are various. 

The wires proceeding from the central telegraph station in 
London are wrapped with cotton thread, and coated with a 
mixture of tar, resin, and grease. This coating forms a perfect 
insulator. Nine of these wires are then packed in a hidf-inch 
leaden pipe, and four or five such pipes are packed in an iron pipe 
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about three inches in diameter. These iron pipes are then laid 
under the foot pavements, along the sides of the streets, and are 
thus conducted to the terminal stations of the various railways, 
where thej are united to the lines of wire supported on posts 
along the sides of the railways already described. 

470. Provisions, caMedt^iesting posts, are made at intervals of a 
quarter of a mile along the streets, by which any failure or acci- 
dental irregularity in the buried wires can be ascertained, and the 
pkee of such defect always known within a quarter of a mile. 

471. Tele^raplilo slrns. — The current being by these means 
tnuumitted instantaneously from any station to another, connected 
with it by such conducting wires, it is necessary to select among 
the many effects which it is capable of producing, such as may be 
fitted for telegraphic signs. 

There are a great variety of properties of the current which 
supply means of accomplishing this. If it can be made to affect 
any object in such a manner as to cause such object to produce 
any effect sensible to the eye, the ear, or the touch, such effect 
may be used as a sign ; and if it be capable of being varied, each 
distinct variety of which it is susceptible may be adopted as a 
distinct sign. Such signs may then be taken as signifying the 
ietters of the alphabet, the digits composing numbers, or such 
single words as are of most frequent occurrence. 

The rapidity and precision of the communication will depend on 
the rate at which such signs can be produced in succession, and 
on the certainty and accuracy with which their appearance at the 
place of destination will follow the action of the producing cause 
at the station from which the despatch is transmitted. 

These preliminaries being understood, it remains to show what 
effects of the electric current are available for this purpose. 
These effects are : — 

I. The power of the electric current to deflect a magnetic 
needle from its position of rest. 

II. The power of the current to impart temporary magnetism 
to soft iron. 

III. The power of the current to decompose certain chemical 
solutions. 

472. Bignm made witb tbe needle system. — Let us now 
see how these three properties have been made instrumental to 
the transmission of intelligence to a distance. 

We have explained how a magnetic needle over which an elec- 
tric current passes will be deflected to the right or to the left, 
according to the direction given to the current. Now, it is always 
easy to give the current the one direction or the other, or to 
suspend it altogether, by merely changing the end of the galvanic 
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trough with which the wires are connected, or by breaking the 
contact. 

A person, therefore, in London, having command over the end 
of a wire which extends to Edinburgh, and is there connected 
with a magnetic needle, in the manner already described, can 
deflect that needle to the right or to the Jefb at will. 

Thus a single wire and a magnetic needle are capable of making 
at least two signals. 

By repeating the same signals a greater or less number of times, 
and by variously combining them, signs may be multiplied ; but it 
is found more convenient to provide two or more wires affecting 
different needles, so as to vary the signs by combination, without 
the delay attending repetition. 

Such is, in general, the nature of the signals adopted in the 
electric telegraphs in ordinary use in England, and in some other 
parts of Europe. 

It may aid the conception of the mode of operation and commu- 
nication if we assimilate the apparatus to the dial of a clock with 
its two hands. Let us suppose that a dial, instead of carrying 
hands, carried two needles, and that their north poles, when 

quiescent, both pointed to 
twelve o'clock. When the 
galvanic current is con- 
ducted under either of them, 
the north pole will turn 
either to three o'clock or 
to nine o'clock, according 
to the direction given to the 
current. 

Now, it b easy to imagine 
a person in London go- 
verning the hands of such 
a clock erected in Edin* 
burgh, where their indica- 
tions might be interpreted 
according to a way pre- 
viously agreed upon. Thus, 
we may suppose that when 
the needle No. I. turns to 
nine, the letter a is ex- 
pressed ; if it turn to three, 
the letter b is expressed. If 
the needle No. 2. turn to 
nine o'clock the letter c is 




/ ft /// A /A A \ \\ \N\ N N\ X 

I23456*7890* 




Flg^ X78.— The Single Nbedlb TaLEORAiH. expressed; if it tum to 
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iree, tbe letUr v. If both needici are turned tn nine, the letter 
i) eipresaed ; if both to three, the letter r. If No. I . be turned 
ntne, and No. i. to thrue, the letter a is cxpreiscd 1 if No. 2. 
ilnrned to nine, and No. I. to three, the letter 11, and so forth. 
The uiual form of a telcgrkph of this kind which depends on a 
igle needle for it* indications, i« shown in _fig. 178., and one on 
« double needle ijitem in Jig. 279. In the former, one con* 




Flf. 179— Thb DauBU Nhdli TiLMUrH. 

Xiag wire between the stations it sulEcicnt, but in the latter 
I urij neuessary. 

.73, Talavrapba operatliic bj mi elaotoa-mKfnat. — Tele- 
phi depending on the Scvond and third prinuiplei adverted to 
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above, have been brought into extensive use in America, the 
needle system being in no case adopted there. 

The power of imparting temporary magnetism to soft iron by 
the electric current, has been applied in the construction of tele- 
graphs in a great variety of forms ; and indeed it may be stated 
generally that there is no form of telegraph whatever, in which the 
application of this property can be altogether dispensed with. 

To explain the manner in which it is applied, let us suppose 
the conducting wire at the station of transmission, London for 
example, to be so arranged that its connection with the voltaic 
battery may, with facility and promptitude, be established and 
broken at the will of the agent who transmits the despatch. This 
may be effected by means of a small lever acting like the key of 
a pianoforte, which being depressed by the finger, transmits the 
current. The current may thus be transmitted and suspended in 
as rapid alternation as the succession of notes produced by the 
action of the same key of a pianoforte. 

At the station to which the despatch is transmitted, Edinburgh 
for example, the conducting wire is coiled spirally round a piece 
of soft iron, which has no magnetic attraction so long as the cur- 
rent does not pass along the wire, but which acquires a powerfiil 
magnetic virtue so long as the current passes. So instantaneously 
does the current act upon the iron, that it may be made alter- 
nately to acquire and lose the magnetic property several times in 
a second. 

Now let us suppose this soft iron to be placed under an iron 
lever, like the key of a pianoforte, so that when the former has 
acquired the magnetic property, it shall draw this key down as if 
it were depressed by the finger, and when deprived of the mag- 
netic property, it will cease to attract it, and allow it to recover 
its position of rest. It is evident in this case that movements 
would be impressed by the soft iron, rendered magnetic, on the 
key at Edinburgh, simultaneous and exactly identical with the 
movements impressed by the finger of the agent upon the key in 
London. In fact, if the key in Edinburgh were the real key of a 
pianoforte, the agent in London could strike the note and repeat 
it as often and with such intervals as he might desire. 

This lever at Edinburgh, which is worked by the agent in 
London, may, by a variety of expedients, be made to act upon 
other movable mechanism, so as to make visible signals, or to 
produce sounds, to ring a bell or strike a hammer, or to trace 
characters on paper by means of a pen or pencil, so as actually to 
write the message, or to act upon common movable type so as to 
print it. In fine, having once the power to produce a certain 
mechanical effect at a distant station, the expedients are infinitely 
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various by which such mechanical effect may be made subservient 
to telegraphic purposes. 

474. Horse's system. — The telegraph of Morse, extensively 
U8^ in the United States, affords an example of this. To com- 
prehend its mode of operation, let us suppose the lever, on which 
the temporary magnet acts, to govern the motion of a pencil or 
style under which a ribbon of paper is moved, with a regulated 
notion, by means of clockwork. When the current passes, the 
ttyle is pressed upon the paper, and when the current is suspended, 
t is raised from it. If ^e current be maintained for an interval 
Qore or less continued, the style will trace a line on the ribbon, 
he length of which will be greater or less according t-o the dura- 
ion of the current. If the current be maintained only for an 
nstant, the style will merely make a dot upon the ribbon. Lines, 
herefore, of varying lengths, and dots separated by blank spaces, 
?ill be traced upon the ribbon of paper as it passes under the 
ityle, and the relative lengths of these lines, their combinations 
wilh. each other and with the dots, and the lengths of the blank 
ntervening spaces, are altogether under the control of the agent 
irho transmits the despatch. 

It is easy to imagine how a conventional alphabet may be 
Tormed by such combinations of lines and dots. 

Provisions are made, so that the motion of the paper does not 
begin until the message is about to be commenced, and ceases 
when the message is written. This is easily accomplished. The 
cylinders which conduct the band of paper are moved by wheel- 
work and a weight properly regulated. The motion is imparted 
by a detent detached by the action of the magnet, which stops the 
notion when the magnet loses its virtue. 

A perspective view of the instrument, omitting the paper roller and 
ribbon, is given in fig, 280. 

z. The wooden base upon which the instrument is screwed. 

B. The brass base plate attached to the wooden base z. 

A. The side frames supporting the mechanism. 

A, k. Screws which secure the transverse bars connecting the side frames. 

O. The key for winding up the drum containing the mainspring, or 
sapporting the weight, according as the mechanism is impelled by one or 
the other power. 

3,4. Clock-work. 

«. A lock or gauge to regulate the pressure of the rollers on the paper. 

e. The pillar supporting the electro-magnet. 

p. The adjustmg screw passing into the pillar, c, projecting through the 
armature, to enable the telegraphist to adjust the sound of the back stroke 
of the armature at pleasure. 

o. The spring bar, and 

dL the screw to adjust the action of the pen lev^. 

D. The apparatus for adjusting the paper rollers 
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475. Blaetro-<fliaiiiie«l teleyraplui. — The followinj^ descrip- 
tion of the telegraph of Mr. liain will convey some idea of the 
general principle on which all forms of electro-chemical telegraphs 
are baaed: — 

Lrt a iheet of writing paper be wetted with a solution of pruHsiate of 
potaahf to which a little nitric and hydrochloric acid have been addtMi. I^t 
a mftfi"*** desk be provided corresponding in magnitude with the sheet of 
p^MT, and let this desk be put in communication with a galvanic battery ho 
y to ftmn its negative pole. Let a piece of steel or copi)cr wire forming a 
poi be pat in connection with the same battery so as to form its positive 
poley Let the sheet of moistened paper be now laid upon the metallic desk, 
nd let the steel or copper point which forms the positive pole of the battery 
be bron^t into contact vrith it. The galvanic circuit being thus completed, 
thecnrrent will be established, the solution witli whicli the pu|M!r is wetttfd 
will be decomposed at the point of contact, and a blue or brown HiH)t will 
i^pear. If the pen be now moved upon the paper, the continuous succettsion 
of qnts will form a blue or brown line, and the |>en being moved in any 
manner npon the paper, characters may be thus written \i\ion it as it were in 
Una or brown ink. 

In this manner, any kind of writing may be inscribed upon the paper, and 
thcrs is no other limit to the celerity with which the churacturs may be 
written, save the dexterity of the agent who moves the pen, an<l the Hutli- 
dency of the current to produce the decomposition of the solution in the 
time which the pen takes to move over a given space of the paper. 

The electro-chemical pen, the preiiarcd paper, and the metallic desk being 
andBrstood, we shall now proceed to explain the manner in which a commu- 
nication is written at the station where it arrives. 

The metallic desk is a circular disc, about twenty inches in diameter. It 
is flzed on a central axis, with which it is capable of revolving in its own 
idane. An uniform movement of rotation is imparted to it by means of a 
small roller, gently pressed against its under surface, and having sufficient 
adhesion with it to cause the movement of the disc by the revolution of the 
rdler. This roller is itself kept in uniform revolution by means of a train 
of wheelwork, deriving its motion either fVom a weight or main spring, and 
rq^nlated by a governor or fly. The rate at which the disc revolves may 
be varied at the discretion of the 8ui>erintondent, by shifting the position 
of the roller towards the centre ; the nearer to the centre the roller is 
pieced the more rapid will be the motion of rotation. The moistened paper 
being placed on this disc, we have a circular sheet kept in uniform revo- 
lution. 

The dectro-chemical pen, already described, is placed on this paper at a 
certain distance from its centre. This pen is supported by a pen-holder, 
which is attached to a fine screw extending from the centre to the circum- 
ference ot the disc in the direction of one of its radii. 

On this screw is fixed a small roller, which presses on the surface of the 
disc, and has sufficient adhesion with it to receive from it a motion of 
revolution. This roller causes the screw to move with a slow motion in a 
dirsctlon ftom the centre to the circumference, carrying with it the electro- 
chemical pen. We have thus two motions, the circular motion carrying the 
moistened paper which passes under the pen, and the slow rectilinear motion 

T 
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g at A certain diatancQ from tbfl etnti^ 
le circumfbrBDce, The intervila belwMi 
the Buccusive coiJs of this spiral line will be determined by the relUin 
velocitiea of the circular disc, and of the electnf-chemical pen. The leliliM 
between theie velocities may Ukewiu be so regulated, that the null of lb 
■piral ma; be aa close together as ia coDalBtent with the diatinctiusi of ll" 
tracea Left upon the paper. 

Now, let us BQppose that the galranjc circuit ia oompleled in the maDWr 
customary with the alecljfic telegraph, that is to say, (he wire which tam- 
nates at the point of the electro-cheaitcal pen ia cairied fh>m the itatlMi tt 
arrival to the station of departure, where it is connected with the galtuii: 
battery, and the reluming current is formed in thensual way by tbttirA 
itself. When the commuriicatioa between the wire and the galvanic biUfJ 
at the station of departure ii established, the current will pass thnwgli d" 
wire, will be transmitted trom the point of the electro-chemical ■poi lott> 
moistened paper, and will, as already described, make a blue or brown £>* 
on this paper. If the current were coatlnucua and unintecrnpted, this liiM 
would be an unbroken spiral, such as has been already described ; bntiftb 
carrent be iqten-apted at intervals, during each auch interval the ^ nD 
cease to decompose the solution, and no mark will be made on the f*f- 
If such ialermption be frequent, the spiral, instead of being a eontjiuii 
line, will be a broken one, consisting of lines interrupted by Uank q>KM 
If the carrent be allowed to act only fbr an instant of time, thets will tti 
blue or brown dot upon the papery but if it be allowed to cmitinae dndiV 
■ long interval, there will be a line. 

Now, If the intervals of the tranemiseiDn and suspension of the canwl ^ 
regulated by any agency in operation at the station of departon, lima ^ 
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ts eomsponding precisely to these intervals will be produced by the 
ictro-cheinica] pen on the paper, and will be oontinaed regulariy along 
B spiral line already described. It will be evident, without further expia- 
tion, that characters may thus be produced on the prepared paper cor- 
iponding to those of the telegraphic alphabet already described, and thus 
e language of the communication will be written in these conventional 
mbols. 

There is no other limit to the celerity with which a message may be thus 
ritten, save the sufficiency of the current to effect the decomposition while 
le pen passes over the paper, and the power of the agency used at the 
ation of departure to produce, in rapid succession, the proper intervals in 
le transmission and suspension of the current 

But the prominent feature of this system is the extraordinary celerity of 
hich it is susceptible. In an experiment performed by M. Le Verrier and 
tyaelf before Committees of the Institute and the Legislative Assembly at 
'aria, despatches were sent a thousand miles, at the rate of nearly 20000 
rords an hour.* 



CHAP. XVI. 

CALORinc, LUMINOUS, AND PHYSIOLOGICAL EFFECTS OF THE 

VOLTAIC CURRENT. 

t-?^' Conditions on wbicb oaloriflc power of current ae- 
^eiUls. — When a voltaic current passes over a conductor, an 
Ovation of temperature is produced, the amount of which will 
^)end on the quantity and intensity of the electricity trans- 
•^tted, upon the conductibility of the material composing the 
conductor, and upon the magnitude of the space which it offers 
or the passage of the electric fluid. Although the conditions 
^hich determine this development of heat are not ascertained 
dth much certainty or precision, it may be stated generally that 
be quantity of heat produced is augmented with the quantity of 
le fluid transmitted, and the obstacles opposed to its passage. 
^ given current, therefore, will develop less heat on good than on 
!Ul conductors, and on those having a large than on those having 
small transverse section. 

The development of heat, so far as it depends on the current 
9el^ appears to increase in a much larger ratio with the quantity, 
tan with the intensity, of the electric fluid. Thus, while it is 

• Lardner's •* Electric Tdegraph," § 9. 

T 1 
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greatlj augmented bj increasing the extent of turface of the ele- 
menta of the pile, it is very little affected bj augmenting their 
nnmber. For a like reason it is greatl; augmented bj selectiDg 
the elements from the extremes of the electro-motive series (159.), 
since in that case the quantities of electricity developed are 
increased in proportion to the electro -motive energy of the exciting 
Burfacea. 

When a voltaic current of a certain intensity passes along a 
metallic nire, the wire becomes heated. If the Intensity of the 
current be increased, the wire will become incandescent, and will, 
by a further Increase of the force of the current, be fused or 
burned. 

The same current which will produce only a slight elevation 
of temperature upon a wire of a certain diameter, will render a 
finer wire incandescent, and will fuse or burn one which is stUL 

477- CnlorUe efleotoi Kora'a ajid Otilldren'a deOacnto"* 

— The calorific power of a battery depending chiefly on the extent; 
of the heating eurface, and the electro-motive energy of its ele- 
ments, those forms which, within a given volume, present the mast 
extensive surfaces, such as Hare's spiral arrangement (l73-)> '^'^ 
Others, on a like principle, contrived by Children and Strating, 
and denominated defiagralori, and the systems of Grove (177O 
and Bunsen (I73.), In which platinum or carbon Is combined 
with unc, and excited by two fluids, are the most efficient. Wili | 
piles of the latter kind, consisting of ten to twenty pairs, tfie I 
development of lieat is so considerable that substances which reaiil 
the most powerful blast furnaces are easily fused and burned. 
Extraordinary effects are produced by this calorific agency. 
Metallic wire, submerged In water, is rendered incandescent, md 
may be fused either in vacuo or in an atmosphere of any gn 
such as azote or carbonic acid, which Is not a supporter of cun* 
bustion. 

478. 'WoUaMon'a mUnblB bBtteir.— 
. A combination thus designated, which ^x 
acquired a sort of hietorical scientific in- 
terest, is repreeented In its actual sze in 
fg. 281. 

A strip of thin silver or platinum W 
P F, is bent double, so as to include betirees 
its folds a plate z of amalgamated lini^ 
the distance between the sur&ces being 
about the twentieth of an inch. The n"' 
faces are kept separated by small biti of 
cork thrust between them. Two ihort 
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copper wires, one, z, attached to the zinc, and the other, p, to the 
platinum, form the poles of the combination, and when these are 
connected by a wire a voltaic current will pass from p to z. Each 
of these polar wires has a fine slit made in it, into which an ex- 
tremely fine platinum wire is inserted, extending between z and 
p^ the intervening length between these points being not more than 
the tenth of an inch. The wire handle h is provided, to enable 
the operator to immerse the apparatus in a wine glass, containing 
& solution composed of three parts of water and one of sulphuric 
acid. The current which will then be established upon the wire 
between p and z will render it incandescent. 

479. Bzpeiimental illustratioii of fbe oondlttons wbieli 
^Ssct ealorifio power of a eurrent. — If the poles of a powerful 
Wtery be connected by iron or platinum wire from two to three 
feet in length, the metal will become incandescent. If its length 
or thickness be diminished, it will fuse or burn. If its length or 
thickness be increased, it will acquire first a darkier degree of 
^candescence, and then will be only heated without being ren- 
dered luminous. The same current which will render iron or 
platinum wire incandescent or fuse it, will only raise the tem- 
perature of silver or copper wire of the same length and thick- 
iiess without rendering it incandescent. If, on the other hand, 
^**e iron or platinum be replaced by tin or lead of much greater 
length or thickness, these metals will be readily fused by the same 
current. 

These phenomena are explained by the different conductibility 
^^ these different metals, silver and copper being among the best, 
^d lead and tin being among the worst metallic conductors of 
electricity. 

If two pointed pencils of thick platinum wire, being connected 
^ith the poles of the battery, be presented point to point, so that 
^he current may pass between them, they will be fused at the 
Points and united, as though they were soldered together. This 
effect will equally be produced under water. 

480. Bnbstanoes iffnitea and exploaea by fbe current. — 
Combustible or explosive substances, whether solid or liquid, may 
be ignited by the heat developed in transmitting a current through 
them. Ether, alcohol, phosphorus, and gunpowder, present ex- 
amples of this. 

48 1 . Application of tbU in civil ana military enffineerinar* 
— This property has been applied with great advantage in 
engineering operations, for the purpose of springing mines, an 
operation which may thus be effected with equal facility under 
\rater. Experiments made by the Russian military engineers at 

T 3 
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St Petersbarg, and by the English at Chatham, hare demonstrated 
the advantage of this agency in military operations, more especially 
in the springing of subaqueous mines. 

In the course of the construction of the South Eastern Railway 
it was required to detach enormous masses of tiie cliff near Dover, 
which, by the direct application of human labour, could not have 
been accomplished, save at an impracticable cost. Nine tons of 
gunpowder, deposited in three charges, at from fifty to seventy 
feet from the face of the cliff, were fired by a conducting wire, 
connected with a powerful battery, placed at 1000 feet from the 
mine. The explosion detached 600000 tons weight of chalk 
from the cliff. It was proved that this might have been equally 
effected at the distance of 3000 feet. 

482. Jaoobi's espeiimeiita on eondnettoB tuy water. — . 
Jacobi instituted a series of experiments, with a view to ascertaix^ 
how far water might be substituted for a metallic conductor f< 
telegraphic purposes. He first established (as Peschel states) 
conduction of this nature between Oranienbaum and an arm 
the Gulph of Finland, a distance of 5600 feet, one half throu^j 
water, and the other through an insulated copper wire, thr^e 
fourths of a line in diameter, which was carried over a dam, so 
that the entire length of the connection was 1 1 200 feet. The 
electric current was excited by a Grove's battery of twenty-foor 
pairs, and a common voltaic pile of 1 50 six-inch plates. A zinc 
plate of five square feet was sunk in the sea from one pole of the 
battery, and at the oJ)posite end of the connecting wire a similar 
plate was sunk in a canal joining the sea. Charcoal points were 
used for completing the circuit of the Grove's battery ; these, and 
also a fine platinum wire, were made red hot, and these pheno- 
mena appeared to be more intense than when copper wires were 
used as conductors. In a later experiment he employed a similar 
conduction, the distance in this case being 9030 feet, namely, 
from the winter palace of the emperor, to the Fontanka near the 
Obuchowski bridge. One of the conductors was a copper wire 
carried underground, the other was the Neva itself in which a 
zinc plate of five square feet was sunk beneath the surface of the 
river. At the other extremity a similar zinc plate was immersed 
in a small pond, whose level was five or six feet above the Fon- 
tanka, from which it was separated by a floodgate. The battery 
consisted of twenty-five small Daniel's constant batteries, by 
means of which, notwithstanding the great extent of water, all the 
galvanic and magnetic phenomena were produced. At Leat^i 
suggestion, a different species of conduction was tried between the 
same stations. A connection was established with a point of the 
iron roof of the winler palace^ which was connected with the 
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ground bj mesnt of conducting rods, and the current was carried 

cquallj well along the moist earth. 

483. CombiisttoB of tiM metals. — If thin strips of metal or 

Oommoii metallic leaf be placed in connection with the poles of a 

battery, it will undergo combustion, the colour of the flame 

'V'aryiiig with the metal, and in all cases displaying very striking 

^Jid brilliant effects. Gold thus burned gives a bluish -white light, 

^uid produces a dark brown oxide. Silver burns with a bright 

^ea-green flame, and copper with a bluish-green flame, mingled 

'^ith red sparks, and emits a green smoke. Zinc burns with a 

^}azzling white light, tin with red sparks, and lead with a purple 

^ame. These phenomena are produced with increased splendour, 

if the metal to be burned attached to one pole be brought into 

contact with mercury connected with the other pole. 

484. 8]Murk produood by the voltalo omreBt. — Bring 
nearly together the amalgamated ends of the polar wires, while 
the battery is in a state of activity ; a small, white, starlike spark 
will be seen accompanied by a crackling noise like that which 
attends the emission of a feeble electrical spark. 

Flange the end of one of the wires into a small vessel of mer- 
cury, and bring the other near the surface of the metal. A similar 
spark is emitted just before the point touches the mercury, on 
which a small black speck may be seen where the spark struck it. 
The spark obtained from an amalgamated point is visible under 
water or in the flame of a candle. 

Fasten a fine sewing-needle to the end of one of the wires, and 
touch the other pole with the free end of the needle ; a starlike 
red spark will be emitted. A continued stream of these sparks 
may be obtained by connecting a small round or triangular file 
with one pole, and presenting to it and removing from it with 
great rapidity the point of a copper wire attached to the other 
pole. 

Coat the ends of the connecting wires with soot, by holding 
them in the flame of an oil lamp, and the sparks will be both 
larger and brighter ; they will be obtained of the greatest intensity 
by holding the points of the wires in the flame opposite to each 
other. 

Nobili says, that, in performing experiments gf this kind, he 
obtained the brightest sparks by connecting the two ends of the 
battery with a long spiral copper wire, or with a wire insulated 
by being wound round with silk. 

4.85. Tlie eleotrio UglkU — Of all the luminous effects pro- 
duced by the agency of electricity, by far the most splendid is the 
light produced by the passage of the current, proceeding from a 
powerful battery, between two pencils of hard charcoal presented 

T4. 
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point to point. The charcoal being an imperfect conductor ii 

rendered incandescent bj the current, and being infusible at wi; 

temperature hitherto attained, the degree of splendour of which 

ita incandescence is eueceptible baa no other practical limit except 

the power of the batterj. 

The charcoal beat adapted for this experiment ia that which is 

obtuDed from the reBiduum of the coke in retorts of gas norks. 

This is hardened and formed into pencil'sbaped pointed c;linders, 
from two to four inches in length, and 
mounted aa represented in _/^. 383^ where 
p and n, the two metallic pencil holders, 
are in metallic connection with the poles 
of the pile, and so mouuted that the char- 
coal pencils Axed in them can at pleasure 
be made to approach each other until their 
point) come into contact, or to recede fronu* 

each other to anj necessary distance 

When they are brought into contact, tli^ 
current will pass between them, luid th^ 
charcoal will become intensely luminou^g 
When separated to a short distance, m 
^ '' splendid flame will pass between them o-f 

the form represented in _fig. 184. It will be observed that tbe 
form of the flame is not symmetrical with relation 

«to the two poles, the part next the positive point 
having the greatest cliameter, and the diameter be- 
coming gradually less in approaching the negative 
point. 
4S6. &M«nd«aoeiio« of eluroaBl by tbe enr- 
r«nt not oombootloa. — It would be a great error 
Fig. iSf. to ascribe the light produced in charcoal pencih 
to the combustion uf that substance. NoDe of the 
consequences or effects of combustion attend the phenomena, no 
carbonic acid is produced, nor does tjie charcoal undergo laf 
diminution of weight save a small amount due to mere nw- 
chanical causes. On the contrary, at the points where the cilo- 
r>Gc action is most intense, it becomes more hard and dense. But 
what negatives still more clearly the supposition of combustion ii, 
that the incandescence is still more intense in a vacuum, or in sdj 
of the gases that do not support combustion, than in the ordinsr^ 
atmosphere. 

Peschel states that, instead of two charcoal pencils, he fau Itiil 
a piece of charcoal, or well burnt coke, upon the surface of mer- 
cury, connected with one pole of the battery, while he has toucbed 
It with a piece of platinum connected with the other pole. la thii 
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numer be obtained a light whose epiendour was intolerable to 

487. Mlactoio Itt^p* •f !■••««• VouMtnltt Delenlli Mid 
IteMe-S«l«U> — M. Foucault first applied the electric light pro- 
duced bj charcoal pencils as a substitute for the lime light in the 
gu microscope. 




Fig. ISJ. 

(Itetric mlcroscrope a (elf-Bdjuating apparatus, by wbich the light is niain- 
tainad wicb ■ nearly uniform brilliancy, notwitbatanding tbu gradual waste 
of the cbarcoal. This is accomplisbed by an electro- DiagneC, by whicb 
the current is re-estaliliiihed, whenever it baa a tendency to tie suspended. 

Phato-electnc apparatus of MM. Delouil.— This apparatus, which is repn- 
tanted in^^. 186,, has a self-acting adjustment, and is or cheaper conslruction 
than that of M. Dubosc. The negative charconl pencil ia supported by a 
antalllc rod which slide* with fricUon in a nuDport o, but being unce regu- 
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iqtpantiu placed ander the (Uge. A Icmr, atudwd at one end to ■ M"' 
tpring, u cmpibli of oKillitfng Ibroagfa ■ very miall raslfl oa ■ (Mti« 
being nuinUined at the other end bMween the points of two tcmn «M 
nnder the Mige in the flgnre, which limit iti pUy. Thii lirm' ± it irm 
npw«n1» by the »pring, and in the coolmty direction bj Ibe electiv-iiugiitl. 
In fine, > inutl Rnight spring fixed at the extremitj of the lever ia ptavd 
npon imall teeth nuged like those of a nek on the rod, which cania 
the poritive charcoal pencil, ind transmits to thb lattar the motioB rf Iht 



le cnrrent pane* with ita foil InK 
rmatare, i^ich is fixed to the 
le opposite snn ia Lowend, and, < 



This being understood, h 
the electro-magnet atcnc 

qaenll]'. the spring ia dm 
from one tooth to another of the rack : when, on Ihe contniy, the diituct 
between the charcoal points being aagmented, the cnrrent ia enftebled. 11* 
electro- magnet being no longer capable of iDpporting the arm of Ibehnr, 
the end it drawn npwards by tbe spiral spring, and the iinall sprhig bshf 
pressed against a tooth of the wheel, drives it npwarda and raises the foA 
The charcoal points are, therefore, again hnnigbt into omtignitj, and tbi 
current ia re-eatabliahed. 

I have had an apparatus of this kiad in operation with gKit 
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rj for some yean. It is woi^ed bj a bctterj on Bonsen^s 
!e, consisting of fiftj pain. 

Metb^ of mvpHjiag tbm hmmt m€ dbmw99ml to tbm 
of rofHMtorjr bodioo oad tbm doeomp— ttioa of tko 

. — This is accomplished by sabstituting for the charcoal 
p, ^. 283., a piece of diarcoal in the form of a small cup, 
»ented in^. 287. 
all piece of tiie substance to be acted on is placed in the 

charcoal cup s, and the electric flame is made to 
*- play upon it by bringing it into proximity with the 

pencil abore it. In this way gold or platinum may 
' be fused, or even burned. If a small piece of soda 

ta or potash be placed in tiie cup s, its decomposition 
will be effected by the flame, and small globules of 
sodium or potassium will be produced in the cup, 
y, which will launch themselTes towards the point of the 
pencil, undergoing at the same time combustion, and 
>roducing the alkali. 

Whjmi&lotfleml oflbeta of tbm on r re nt * — This class of 
s found to consist of three successive phases : Jirst^ when 
"ent fir8t commences to pass through the members afiected 
secondly^ during its continuance; and, thirdly, at the 
; of its cessation. A sharp convulsive shock attends the 
i last ; and the intermediate period is marked by a con- 
leries of lesser shocks rapidly succeeding each other. The 
r a voltaic battery has been said to be distinguished from 
xiuced by a Ley den jar, inasmuch as the latter is felt less 
affecting only our external orgains, and being only instan- 

in its duration; while the latter pervades the system, 
ting itself through the whole course of the nerves which 
between its points of admission and departure, 
pears that the physiological effect of the current depends 
ler on its intensity, and little or not at all upon its quantity. 

proved by the fact, that the effect of a battery of small 
9 as great as one consisting of the same number of large 

A single pair, however extensive be its surface, produces 
ible shock. To produce any sensible effect, from ten to 
)airs are necessary. A battery of 50 to 1 00 pairs gives a 
trong convulsive shock. If the hands, previously wetted 
Ited water, grasp two handles, like those represented at p 
i^. 2 1 o., connected with such a battery, violent shuddering 
Angers, arms, and chest will be produced ; and if there be 
3 or tender parts of the skin, a pricking or burning sensa- 
1 be produced there, 
voltaic shock may be transmitted through a chain of 
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persons in the same manner as the electric shock, if their hands, 
which are joined, be well moistened with salted or acidulated 
water, to increase the conducting power of the skin. 

As the strongest phases of the shock are the moments of the 
commencement and cessation of the current, any expedient which 
produces a rapid intermission of the current will augment its 
physiological effect. This may be accomplished by various simple 
mechanical expedients, by which the contact of the conductors 
connecting the poles may be made and broken in rapid succession; 
but no means are so simple and effectual for the attainment of thb 
object as the contrivances for the production of the magneto- 
electric current described in (295.), which, in fact, is exactly the 
rapidly intermitting current here required. 

490. Tberapentio ayenoy of eleotrioity.— Electric excitation 
has been tried as a curative agent for various classes of maladies 
from the date of the discovery of the Ley den jar. Soon after the 
discovery of galvanism, Galvani himself proposed it as a therapeutic 
agent ; but although a great number of scientific practitioners in 
different countries have devoted themselves to the investigation 
of its effects, there still remains much doubt, not only as to its 
curative influence, but as to the classes of maladies to which it may 
be with advantage applied, and even as to its mode of application. 
It appears, however, to be generally admitted that voltaic elec- 
tricity is much better fitted £br medical purposes than common 
electricity, and that of the different forms of voltaic electricity in* 
termitting currents produced by induction are in general to be pre- 
ferred to the immediate currents produced by the battery. It is 
even maintained by practitioners who have more especially de- 
voted themselves to the study of its effects, that different induced 
currents have different therapeutic properties. 

A current produced by the immediate induction of anodwr 
current proceeding directly from the voltaic battery is called an 
induced current of the first order » 

If an induced current of the first order be applied to produce, 
by induction, another current in an independent wire, such cur- 
rent is called an induced current of the second order. 

It is maintained by practitioners that these two orders of in- 
duced currents have different therapeutic effects, and that the 
effects of both of them differ from those of a primary current 
Induced currents, however intense, having only a feeble chemical 
action, it follows that when they are transmitted through the 
organs, they do not produce there the effect of primary currents, 
and consequently do not tend to produce the same disorgan- 
isation. Dr. Duchenne, who has made numerous experiments 
on the medical application of galvanic .electricity, has ascertained 
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that induced currents used to electrify the muscles of the face, 
act but very feebly on the retina, while* the primary current 
proceeding from the battery acts so strongly on that organ as to 
affect it dangerously, as the effects of practice have proved. The 
Mine practitioner holds, that while the induced currents of the 
first order produce strong muscular contractions, and are attended 
inth little effect on the cutaneous sensibility, induced currents of 
be second order, on the contrary, exalt the cutaneous sensibility 
o Buch a degree, that their application should be avoided in the 
iase of all patients whose skin is very irritable. 

It appears to result from the experience of practitioners that 
he use of voltaic electricity in therapeutics should be guided by a 
•rofound knowledge of its physiological properties. Matteucci, 
(I his lectures on the physical phenomena of living bodies, recom- 
mends that in the application of voltaic electricity a current of 
ery feeble intensity should be first employed. He mentions the 
ase of a paralytic patient who was seized with strong tetanic 
onvulsions, in consequence of the application of a current pro- 
luced only by a single pair. He recommends further, that in no 
ase should the voltaic action be prolonged beyond a moderate 
Dterval, that the intermitting current should always be preferred 
the continued, and that after each series of twenty or thirty 
hocks the operation should be suspended. 

An infinite variety of apparatus have been contrived for the 
berapeutic application of voltaic electricity. The following may 
3rve as examples of these : — 

491 . Bnobenno's oleotro-roltalo apparatus. — Thb apparatus 
onsists of a bobbin wrapped with coils of two wires, like that 
[ready explained in (290.). 

This bobbhi is enclosed in a brass tube Qifg. 288. The apparatus is fixed 
^n a mahogany case containing two drawers. The first contains a compass 
Mdle mounted as a reome^er, and serving to measure the intensity of the 
imary current. The second contains in a compact form a charcoal bat- 
ry. The zinc element 11 has itself the form of the drawer, and contains a 
lution of sea salt, and a rectangular piece u made of the charcoal of coke 
dl calcined and prepared in the same nianner as for Bunsen*s battery. In 
e central part of the charcoal is a little cavity, in which a small quantity 
nitric acid is poured, which is immediately absorbed. Two ribbons of 
pper proceeding from the poles of the battery are connected with the 
ttoDS L and n attached to the front of the drawer. The first of these l 
connected with the zinc end of the battery, and represents the negative 
ie ; and the second is connected with the charcoal end, and represents the 
iitire pole. 

W^hen the drawers are closed, the buttons l and n are put in connection 
th two pieces connected with the arrangement combined within the 
Under o. One of these pieces is movable, so that the circuit can be closed 
d broken at pleasure. 




tit sboald ba subject to contiDued intermiuion. In the pntBt, 
apparBtm. tbese ialfirmlssiona may be reodered at pleunre mon « kK 
rapid. To render them rapid, the current pagsea into a pieca of M>ftliNA' 
vhicb otclllatei vury rapidly under the laflneace of a bundle of (oA iM 
nirea placed In the axia of the bobbin, and temporarily magnetind tj-te 

rupla and re-egtablishits tbe primary current, and by tbst menu prodHM 

To produce a alow inlermission of the correDt, the oacillatlng piece a It 
rendered fixed by means of a little rod A i and inatead of making the contol 
pass through the piece A, it is made to pus through an elastic ribbon t, and 
tbiougb the metal teeth of a wooden wheel nith which that ribbon is om- 
DBcted, and which appears in the Jigure above the needle of the galTBOO- 
meler. By turning a handle provided for tbe purpose, but vrbtob is not 
represenled in the figure, tbe current is interrupted aa often as the ribboa i 
ceases to touch a tooth ; and as there are four teeth, there are four inlo^ 
missiona In each revolutjon, ao tiiat the operator, by tonung a handle uwn 
or less rapidly, can vary at will the rate of intermission, and, consequaolly, 
the number of shocks imparted in a given time. 

To tranamit the shocks, the extremities of the wire conducting the ioduad 
current are put ia connection with two buttons B and F at the and li li* 
cylinder, and these buttons are themaelvea connected by means of twscea' 
ducting wires wrapped with silk, with two exciters having glaaa huxUai 
O o. The operator holding Iham by the glaaa handles, and applyii* iM' 
bases to the two parts of the body aC the patient, between which he iatiedi 
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M tnnsmit tbe ibook, tbe dnirad eStet ia producsd, it« iataiuity being nga- 
■Ud bj tunung th« bindle tXnadj mentioDAd. 

A ngnlUur ia also provided b; which tbe inl«D>ity of tbe current un be 
'trM Bl will. Tbia oniista of a copper cj'linder vhich envelopea tbe 
bobbin, and which can be diawn from II mora or leaa, like ■ drawer, by the 
>>d rf a graduated rod. The grealeat inteneity ia produced wbeD tbe 
'egiilatoT ia drawn ooti eo aa to nacover the boblnn altogether, and the 
niiiimum when It completely coTers it. The effect at thia cylindrical cover 
>a explained by the induced aurenla wbkh are produced in ita maaa. 

a BppAisttu. — Thia nppa- 
9 upon the principle eiplatued 



ratiu, repreeeuted in^. 1 




" (297 ) Tb^ magnet k b has two arma connected at their pos 
terior extremitiee by an lu-niature of soft iron. In front is another 
unuLture x, also of sofl iron, which turns upon a, horizontal axis, 
to which motion ie imparted by tbe wheel and pinion a, and the 

Upon the two arms of tbe magneta a copper wire wrapped with ailk ia 
oiled, destined to receive tbe inductive action of the magneCa. Upna this 
list wire a aacond p c is coiled, in which an induced currant of the aecond 
•rder ia produced. 

When a motion of rotation is imparted to the amutDra X, this piece, bdng 
nagnetiaed at each moment that it passes the poles of the majfneta u a, 
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exercises npon the distribation of magnetiam in them an action frhich 
produces in the first wire an induced current of the first order, and this wire, 
reacting upon the second wire, produces in it an induced current of the 
second order. These currents, however, may be separately developed by 
means of pieces j and i, each of which is double, but one of which only is 
shown in the figure. The current passes by them through the covered 
helical wires to the excitors N N, which are similar to those already described 
in the former apparatus. 

The intermissions necessary for the production of the induced currents are 
obtained by means of the commutator b, which is analogous to that aliesdy 
described in the case of Clarke's magneto-electric apparatus,^. 211., and 
by means of a sjrstem of metallic pieces, o, Jj, t, and t. 

The intensity of the shocks is regulated by the button and screw v, which 
serve to bring the magnets and the armature x nearer to or more distant 
from each other ; but a more efiectual regulator is supplied by two copper 
cylinders o o, which envelope the bobbins, and, by means of the graduated 
rod H, can be drawn off or on them to any desired extent. These have the 
same efi^t as the similar envelope described in the former apparatus. 

The therapeutic efiects of these apparatus are reputed, among 
French medical practitioners, to be beneficial in several classes of 
maladies, and especially in paralytic cases. 

493. Pulwermaober's aralvanlo olialii. — This apparatus, which 
is represented in^. 290., consists of a series of smiall cjlindrical 




Fig. 290. 

rods of wood, upon which are rolled, one beside the other, with- 
out contact, however, a wire of zinc and a wire of copper. One 
of these rods with the wires rolled upon it is shown upon a larger 
scale in^^. 291. 

At each of its ends the zinc wire cd, Jig. 291., of the cylinder 
A is jointed to the copper wire of the cylinder b by means of two 
little rings of copper implanted in the wood. The zinc wire of the 
cylinder b is then connected, in the same manner, with the copper 
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fire of the third cylinder, and bo on, so that the zinc of one 
ijlinder always forms, with the copper of the following cylinder, a 
x>aple altogether analogous to the arrangement of the ordinary 
^vanio pile. 

The combination thus forming a sort of flexible chain is held by the 

operator, as shown in fig. 29a, 

[^ )J dulated liquid, assume the cha- 

Flg. 191. the acetic acid of the vinegar 

produces a current, the inten- 
sity of which is proportional to the number of pairs in the chain. Thus a 
<^n consisting of 120 pairs will impart a strong shock. 

The interruption of the current is produced by two armatures m and n, 
/^> 29a, to which the two poles of the chain are attached. The armature n 
serves only to establish more surely the contact with the hand; but the 
armature m, besides this, serves to interrupt the current. For that purpose, 
^ piece of clockwork is contained within it, which imparts an oscillating 
Motion to a movable piece, so that the pole of the pile is alternately thrown 
^to and out of contact with the armature. The rapidity of the oscillations, 
^d, consequently, the number of shocks imparted in a given time, can be 
^^ed within certain limits by means of a little regulator, which is ad- 
iisted by the hand. In fine, the clockwork is wound up by turning the 
i^ndle o^fig. 290. 

494. Medloal appUoatioii of fbe woltalo sbook. — The in- 

'uence of the galvanic shock on the nervous system in certain 
lasses of malady has been tried with more or less success, and 
pparatus have been contrived for its convenient application, both 
enerally and locally, to the system. The most convenient forms 
f apparatus for this purpose are those which have been explained 
I the preceding paragraphs, and which have derived great con- 
enience and efficacy fi'om the expedients by which the operator 
I enabled to measure and regulate the intensity of the shock with 
ic greatest certainty and precision by surrounding the rim of 
le electro-magnet with loose cylinders or globes of thin copper, 
lovable upon them in the manner above described, so as to 
icreaae or diminish at will the force of the induced current. 

495. Blfeota on bodies recently depiived of life. — This 
lass of phenomena is well known, and, indeed, was the origin of 
iie discovery of galvanism. Galvani's original experiment on the 
mbs of a frog, already noticed (154O) ^"^ often been repeated. 

u 
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Bailey substituted for the legs of the frog those of the grass- 
hopper, and obtained the same results. 

Experiments made on the bodies of men and inferior animals 
recently deprived of life have afforded remarkable results. Aldini 
gave violent action in this way to the various members of a dead 
body. The legs and feet were moved rapidly, the eyes opened 
and closed, and the mouth, cheeks, and all the features of the face 
were agitated by distortions. Dr. Ure connected one of the poles 
of a battery with the supraorbital nerve of a man cut down afler 
hanging for an hour, and connected the other pole with the nerves 
of the heel. On completing the circuit the muscles are described 
to have been moved with a fearful activity, so that rage, anguish, 
and despair, with horrid smiles, were successively expressed bj 
the countenance. 

This agency has been used occasionally with success as an ex- 
pedient for restoring suspended animation. 

The bodies and members of inferior animals recently killed are 
susceptible of the same influence, though in a less degree. The 
current sent through the claw of a lobster recently torn from the 
body, will cause its instant contraction. 

496. Sffect of tlie sbock npon a leedi. — If a half-crown 
piece be laid upon a sheet of amalgamated zinc, a leech placed 
upon the coin will betray no sense of a shock, until, by moving, 
some part of it comes into contact with the zinc. The connection 
being thus established, the leech will receive a shock, as will be 
rendered manifest by the sudden recoil of the part which first 
touches the zinc. 

497. Excitation of tlie nerves of taste. — If a metallic plate, 
connected with one pole of the battery, be applied to the end of 
the tongue, and another wetted with salted water, and connected 
with the other pole, be applied to any part of the face, the metal 
on the tongue will excite a peculiar taste, acid or alkaline, ac- 
cording as it is connected with the positive or negative pole. This 
is explained by the decomposition of the saliva by the current. 

498. Sxcltatlon of tlie nerves of slgrlit. — If a metallic plate, 
wetted with salted or acidulated water, be applied at or near the 
eyelids, and another be applied at any other part of the person, 
a peculiar flash or luminous appearance will be perceived the 
moment the plates are put into connection with the poles of a 
battery. The sensation will be reproduced, but with less in- 
tensity, the moment the connection is broken. A like effect, but 
less intense, is produced, when the current is transmitted through 
the cheek and gums. 

499. Excitation of tlie nerves of bearing. — If the wires 
connected with the poles of a battery be placed in contact with 
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he interior of the two ears, b slight shock will be felt in the head 
kt the moment when the connection is made or broken, and a roar- 
ng sound will be heard so long as the connection is maintained. 

500. g o y po— d Mraroes mt •leotiioi^ la tlia anlmml or* 
laslMitloB. — Although Galvani^s theory of animal electricity did 
not survive its author, the supposition that there exists in the 
organisation of animals a source of electrical action has never 
been abandoned. Humboldt and PfafT discovered traces of elec- 
trical development in connecting the nerve and muscle of a frog. 
Beoicopic tests have indicated the presence of a current, when 
two remote portions of a nerve, or of the muscle belonging to it, 
sre brought into connection. Dr. Donn6 of Paris thinks that 
there is a source of electrical excitement between the inner and 
outer skins. He placed the inner and outer skins of the mouth 
in connection hy a platinum wire, upon which the presence of a 
feeble current was detected by a reoscope. Dr. Wilson Philip 
ihowed that in certain cases a voltaic current might perform the 
functions of the nerves. Having destroyed the action of some of 
tbe nerves leading to the stomach of a dog, he restored their 
*^pended action by connecting the severed ends with a voltaic 
current. 

501. Blootrioftl flalMs. — The most conspicuous example of 
tbe development of electricity in the animal organisation is pre- 
i^ted by certain species of fish. Of these electrical JUhei there 
Ve seven genera :— 

I. TorfMdo nirka rlwo. <. Bllurua elMtricua. 

!• H unlniacuUu. 6. Tntrandon electrlrua. 

3. H marmoraU. 7. Oymnotua alectricua. 

4. ,f galvanii. 

No observations, sufficiently exact and extensive, have yet 
applied the data necessary to determine the source of the vast 
uantities of electricity, which these creatures are capable of deve- 
ping at will. There is nothing in the phenomena observed 
hich countenances the supposition, that the electricity is the 
«ult either of mechanical, thermal, or chemical causes analogous 
> those which have been already explained. When it is therefore 
ated to arise from a physiological action peculiar to the organ- 
ation of the animal, a name is merely given to an unknown 
^ency. In the absence, therefore, of any reasonable theory, we 
•e compelled to limit ourselves to a mere statement of the phe« 
>mena. 

502. Vroportlos of tkkm torpedo 1 obeervatloiui of Walsh. 
-According to the observations of Walsh, who first submitted 
lie animal to exact inquiry, the following are its effects : — 

If the finger or the palm of the hand be applied to any part of 

n 1 
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the body of the animal out of the water, a shock will be fdit si 
to that produced by a voltaic pile. 

If^ instead of applying the hand directly, a good conductor, 
as a rod of metal several feet in length, be interposed, the i 
will still be felt. 

If nonconductors be interposed, the shock is not felt. 

If the continuity of the interposed conductor be anyi 
broken, the shock is not felt. 

The shock may be transmitted along a chain of several pe 
with joined hands, but in this case the force of the shock is ra 
diminished as the number of persons is increased. In this 
the first person of the chain should touch the torpedo on the 1 
and the last on the back. 

When the animal is in the water, the shocks are less in 
than in the air. 

It is evident that the development of electricity is produce 
a voluntary action of the animal. It often happens that in to 
ing it no shock is felt. But when the observer irritates the an 
shocks of increasing intensity are produced in very r^id sm 
sion. Walsh counted as many as fifty electrical discharges 
duced in this way in a minute. 

503. Obtervtttloiui of Becquerel and Brescbet. — In aw 
of observations and experiments made on the torpedos of Ohio 
near Venice by MM. Becquerel and Breschet, it was ascerta 
that when the back and belly were connected by the wires 
sensitive rcoscope, a current was indicated as passing from 
back to the belly. They also found that the animal could at 
transmit the current between any two points of its body. 

504. Observatloiui of BKattenccl. — In a series of experim 
made on the torpedos of the Adriatic, M. Matteucci confirmed 
results obtained by MM. Becquerel and Breschet, and also 

cecded in obtaining the spark from the cur 
passing between the back and belly. 

505. The electric orgran. — In the se^ 
species of fish endowed with this quality, 
organ in which the electric fluids are devel( 
differs in form, magnitude, position, and struct 

506. The torpedo. Jig. 292., is a fiat, car 
ginous fish which • resembles the common 
Its body is smooth, and has the form of a ne 
circular disc, the anterior border of whic 
formed by two prolongations of the muscle w 
are connected on each side with the pectoral 
and which have between these organs an 

Jg. *9** space in which the electric apparatus is deposi 
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This apparatus, wbich ia shown in fig, 293., is composed of a 
multitude of membraDoua prismatic tubes Ij'ing closelj together, 
and subdivided bj horizon^ partitions into small cells, like those 
of a honeycomb, Ulled with mucous matter, and traversed by the 
ramifications of several large truoks of the pneiUQOgastrtc nerves. 

Four or five hundred of these prisms are commonly counted in 
each organ. Hunter in one case found \\%Z. They are nearly 
at right angles to the surface of the skin, to which they are 
strongly attached at the ends. When the structure of each of 
these prisma is ezamined, they are found to consist of a multitude 
of thin plates whose planes are perpendicular to the axis of the 
prism, separated from each other by strata of mucous matter, and 
forming a combination resembling the original galvanic pile. 

Four bundles of nerves of considerable volume are distributed 



in the organ, and, according 
tiical power b at their origin. 




»9+ 
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In fi^. 293. A is the brain, b the spinal cord, c tlie e^e iitd 
optic iien«, D the electric org«nt, b the pnenmogartric nenei 
ramifjing through this organ, r tlie branch of these nerves «»• 
stituting the lateral nerve, snd o the spinal nerve. 

These organs develope electricity, which is identified mllliti 
phjitical properties with that of the electric or voltaic ^tptrttitf- 
The torpedo, though less powerful than the gjmnotua, i» ciptUe, 
nevertheless, of rendering insensible the anna of those wlio 

It has been lately aacertuned that the electric functions of these 
organs have a close connection with the posterior lobe of fe 
brain, since by destroying this lobe or iMviding the nerves whicb 
proceed from it, the animal is deprived of the electric power. 

Several species of the torpedo inhabit the seas that wish tlie 
coast of Europe. They have been frequently fbund near the 
shores of Vendee and Provence in France. 

507. Tbe SllDrtu eleotarlotu, fig. 294., another of Ihoe 
Hpecies, which is found in the Kile and Sen^al, has a lengtli » 




inches. The seat of its electric power 

issue situate between the skin and tbe 

ing the appearance of a foliated cellulu' 

The Arabs give to this fish the name Raasch, an ArabK 

word which signifies thunder. 



from twelve to sixteen 
seems to be a particular 
muscles of the sides, hai 




One of the species which poswa 
this curious physical power it 
the Gymnotus electricus, or elec- 
tric eel, fy. 295, This speae* 
which inhabits Southern Anierici, 
closely resembles common eda, 
wanting, however, the fins at tbe 
end of the twi, and no scales being 
visible upon its skin, which is co- 
vered with a glutinous matter. 
Its length is from six to seven 
feet, and it is commonly met with 
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^ the streams and ponds, which are found in various places in the 
mmense plains which overspread the valleys of the Cordilleras, 
he banks of the Oronoco, &c. The electric shocks which the 
•nimal is enabled to give at will have an intensity sufficient to 
>araly8e not only men but horses. It uses this organ accordingly, 
lot only to defend itself from the attacks of its enemies, but to 
:ill at a distance the fishes on which it feeds, the water being a 
ufficient conductor of electricity to transmit the shock. Its first 
discharges are generally weak ; but when the animal is irritated 
nd roused, they become stronger, and at length acquire a terrible 
itensity. When the animal has communicated a certain number 
^ these shocks, it becomes exhausted, and is forced to desist, 
3d it is not until after the lapse of a certain interval that it is 
tabled to recommence. It would appear as though the electric 
^an, like the scientific machine, when once completely dis- 
larged, requires a continued action of the exciting power, which 
this case is a vital function of the animal, to recharge it. 
Hanner of eaptoringr tbeiBu — The natives of the coun- 
ies which the animal inhabits, avail themselves of this temporary 
spension of its offensive power to capture it. Troops of wild 
»rses are driven into the reservoir in which the creature is 
lown to prevail ; immediately the horses are fiercely attacked, 
ceiving a rapid succession of intense electric shocks, by which 
ey are more or less stunned and paralysed, and not unfrequently 
lied ; but the assault has the effect of exhausting the electric 
Is, and rendering them comparatively inoffensive, so that they 
3 easily captured, either by the net or harpoon. 
■lectric org9n»m — The apparatus by which the gymnotus 
oduces these electric shocks, is extended along the entire length 
the back to the tail, and consists of four longitudinal masses 
nposed of a great number of membranous folds, connected by 
infinite number of smaller membranes placed transversely to 
»m. The small prismatic cells formed by the combination of 
sse membranes are filled with gelatinous matter, and the whole 
paratus is supplied with large nerves. 
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BOOK THE THIRD, 

MAGNETISM. 



CHAPTER I. 

DEFINITIONS AND PRIMABT PHENOMENA. 

509. xratnral magrnets — loadstone. — Certain ferragiiunii oi* 
neral ores are found in various countries, which being' Imn^ 
into proximity with iron manifest an attraction for it. Tliese ire 
called natural magnets, a term derived from Magnegia, a dtj of 
Lydia, in Asia Minor, where the Greeks first discovered and ob- 
served the properties of these minerals. 

The natural magnet is also called the loadstone, or more pro- 
perly lodestone, or leadstone, a name indicative of the guiding pro- 
perty of the magnet, just as the polar star was called the lodestar. 

The natural magnet is a compound consisting of one equivalent 
of the protoxide and one of the sesquioxide of iron. This mineral 
abounds in Sweden and Norway, where it is worked for the pro- 
duction of the iron of commerce, yielding the best quality of that 
metal known. 

510. Artificial magrnets. — The same property may be im- 
parted to any mass of iron, having any desired magnitude or form, 
by processes which will be explained hereafter. Such pieces of 
iron having thus acquired these properties are called artificid 
magnets; and it is with these chiefly that scientific experiments 
are made, since they can be produced in unlimited quantity of 
any desired form and magnitude, and having the magnetic virtue, 
within practical limits, in any desired degree. 

511. XTeatral line or equator — poles. — This attractiTe 
power is not diffused uniformly over every part of the surface. 
It is found to exist in some parts with much greater force than in 
others, and on a magnet a certain line is found where it disappears. 
This line divides the magnet into two parts or regions, in which 
the attractive power prevails in varying degrees, its energy aug- 
menting with the distance from the neutral line just mentioned. 

This neutral line may be called the equator of the magnet 
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;wo regions of attractioa separated by the equator are 
lepolei of the magnet. 

imeB this term pole is applied to tvo points, irhich are the 
if all the magnetic attractions, in the same manner as the 
f gravity is the centi-e of all the gravitating forces wbii'Ji 
. the particles of a body. 

attraction of the parte of the surface of the magnet which 
t«s may be manifested experimentally as follows. Let a 
whetlier natural or artificial, be rolled in a mass of fine 
gi. They will adhere to it, and will collect in two tulls 
on its surface, separated by 'a space 
upon which no filjngs will appear. 

This eflect, as exhibited by a na- 
tural magnet of rough and irregular 
I form, ia represented inj^'. 196.5 and 
as exhibited bj an artificial magnet 
in the form of a regular rod or cy- 
linder whose length is considerable 
fit- 19A- as compared with its thickness, is re- 

presented in^. 297-; the equator 
iresented by e a, and the poles by a and b. 





rbe diatrllnitloii of tbe mkimetlo fUree may also be 
d as follows. Let a magnet, whether natural or artificial, 
1 under a plate of glass or a sheet of paper, and let iron 
e scattered on the paper or glass over the magnet by 
'a sieve, the paper or glass being gently agitated so as to 
motion to the particles. They will be observed to afTect 
a arrangement corresponding with and indicating the 
ine or equator and the poles, as represented in Jig, 29S,, 
t is the equator, and A and b the poles of the magnet. 
Hm vaiiOitlau of ma«netiG n>ro« may be ascertained 
ating different parts of the aurface to a small ball of iron 
d by a fibre of silk so as to form a pendulum. Tho 
n of the surface will draw this bail out of the perpendi- 
an extent greater or less, according to the energy of the 
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Bttntction. If the equator of the mngnet be presented to it, no 
' <n w3I be manifested, and the force indicated will be lug- 




mented according as the point presented to tbe pendulum is more 
distant from the equator nod nearer to the pole. 

S 1 5. Carre of w^rjlng Inteultr. — This varying distribution 
of the attractive force over the surface of a magnet maj be repre- 
tented by a curve whose distance from the magnet varies propor- 
tionally to the intenBity of this force. Thus if, in^. 299,, B1 be 



the equator and a and b the polea of tbe magnet, the curve scd' 
may be imagined to be drawn in such a manner that its dittwce 
from the bar EB shall be everywhere proportional to the inleniltj 
of the attractive force of the one pole, and a similar curve e c'n'r 
will in like manner be proportional to the varying attractiou 
of the several parts of the other pole. These curves necetnnl; 
touch the m^net at the equator k q, where the attraction M 
notbing, and l^ey recede from it more and more as their distuM 
from tbe equator increases. 
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516. MftffiMtlo attraotloii and repiil«ioii.^If two magnets, 

^0 placed as to have free motion, be presented to each other, 

they will exhibit either mutual attraction or mutual repulsion, 

^Cording to the parts of their surfaces which are brought into 

pi*oximit7. ^^ ' '^^ ^^ J^' 3^^"t ^ ^^^ magnets their poles 

a' ' ' 

A E B 



I I 



ABB 

Fig. 300. 

^ing respectively a b and a' b'. Let the two poles of each of 
these be successively presented to the same pole of a third magnet. 
1 1 will be found that one will be attracted and the other repelled. 
'XliuB, the poles a and a' will be both attracted, and the poles 
^ and B^ will be both repelled by the pole of the third magnet, to 
'Which they are successively presented. 

517. &ilKe pol#« repel* and nnlike attract. -«- The poles 
A and A^, which are both attracted, and the poles d and b^ which 
lire both repelled by the same pole of a third magnet, are said to 
V>e like poles ; and the poles a and b', and b and a\ one of which 
is attracted and the other repelled by the same pole of a third 
magnet, are said to be unlike poles. 

Thus the two poles of the same magnet are always unlike poles, 
since one is always attracted, and the other repelled, by the same 
pole of any magnet to which they are successively presented. 

If two like poles of two magnets, such as a and a' or b and b', 
be presented to each other, they will be mutually repelled ; and if 
two unlike poles, as a and b' or b and a\ be presented to each 
other, they will be mutually attracted. 

Thus it is a general law of magnetic force, that like poles 
mutually repel and unlike poles mutually attract. 

518. Bzperimental illiistratlons. — Let a magnetic needle, 
p p^, Jig* 301., be supported on a centre. 

Let one of the poles a of another magnet be presented to p ; it will either 
attract or repel p, so that the magnet p v' will turn in the one direction or 
the other. Suppose, for example, that it repels p ; let it then be similarly 
presented to p', and it will be found to attract it. In this case a and p are 
like, and A and p' unlike poles, and, consequently, p and p' are also unlike 
poles. 

The experiment may be further varied by presenting successively to the 
two poles p and t', the other, pole of the magnet A; in that case it will 
be found that it will repel t\ and attract p. 

Let a piece of iron, such as a key for example, be suspended by either pole 
^tfff' 302., of a magnet Let another magnet of similar form and equal 
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ly Mfptoack s. Hie attnelkka 





poles reversed. — If a magnet m, _fig, 300., be plaoed in a fixed 
position on a horizontal plane, and another magnet be aiupended 
freelj at ilB equator e' by a fibre of untwisted ailk, the point of 
Buspension being brought bo as to be vertical over the equatur i 
of the fixed magnet, the magnet suspended being thus free ta 
revolve round its equator b' in a horizontal plane, it nil) bo re- 
volve, and will oscillate until at length it comes to rest in a posi- 
tion parallel to the fixed magnet a a ; the like poles, however, 
being in contrary directions, that is to aay, the pole a', which is 
simiLar to 4 being over b, and the pole »', which is similar to s 
being over a. This phenomenon follows obviously from what hn 
been just explained-, for if the magnet a'b' be turned to anj 
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otion, the arm e b attracting the unlike arm b' a^ and 

le time the arm e a attracting the unlike arm e' b^ the 

magnet a' b' will be under the operation of forces called 

consisting of two equal and contrary forces whose 
effect is to turn the magnet round b' as a centre, 
wever, the magnet a^ b' ranges itself parallel to a b, 
>ole8 being in contrary directions, the forces exerted 
ich other, since the pole a attracts b^ as much as the 
*acts A^ 

tlo axis. — It has been already stated that certain 
bin the two parts into which a magnet is divided by the 
rhich are the centres of magnetic force, are the magnetic 

straight line joining these two points is called the 

Xt8. 

•oertained ezperimentalljr. — If a magnet have a 
al form, and the magnetic force be uniformly diffused 
';, its magnetic axis will coincide with the geometrical 
s figure. Thus, for example, if a cylindrical rod be 
magnetised, its magnetic axis will be the axis of the 
but this regular position of the magnetic axis does not 
3yail, and as its direction is of considerable importance, 
ssary that its position may in all cases be determined, 
be done by the following expedient : — 

magnet, the direction of whose axis it is required to 
be suspended as already described, with its equator 
rer that of a fixed magnet resting upon a horizontal 
he suspended magnet will then settle itself into such a 
lat its magnetic axis will be parallel to the magnetic axis 
id magnet which is under it. Its position when thus in 
n being observed, let it be reversed in the stirrup, so 
ut changing the position of its poles, its under side shall 
upwards, and vice versa. If after this change the direc- 
e bar remain unaltered, its magnetic axis will coincide 
tometrical axis ; but if, as will generally happen, it take 
. direction after being reversed, then the true direction 
^netic axis will be intermediate between its directions 
I after reversion. 

er this more clear, let a b. Jig, 303., be the geometrical 
egularly shaped prismatic magnet, and let it be required 
r the direction of its magnetic axis. Let a, 6 be the 

the line m n passing through them therefore its mag- 

lagnet be reversed in the manner already described over 
• "Mechanics," (155.;. 
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a fixed magnet, its magnetic axis in the new position will coincide 
with its direction in the first position, and ^e magnet when re- 
versed will take the position represented by the dotted line, the 
geometrical axis being in the direction a' b', intersecting its 

former direction ab at <>. The poles a, b 
will coincide with their former position, 
as will also the magnetic axis m k. It is 
evident that the geometric axis o a will 
form with the magnetic axis o a the same 
angle as it forms with that axis in the 
second position, that is to say, the angle 
AOMwill be equal to the angle a'om; 
and, consequently, the magnetic axis mn 
will bisect the angle a o jl\ formed by 
the geometric axis of the magnet in its 
second position. 

520. Bypotbesls of two llnidSf to- 
real and austral. — These various phe- 
nomena of attraction and repulsion, with 
others which will presently be stated, 
have been explained by different suppo- 
sitions, one of which assumes that all 
bodies susceptible of magnetism are per- 
vaded by a subtle imponderable fluid, 
which is compound, consisting of two 
constituents called, for reasons which 
will hereafter appear, the austral Jbad 
and the boreal fluid. Each of these is self-repulsive ; but they are 
reciprocally attractive, that is to say, the austral fluid repels the 
austral, and the boreal the boreal; but the austral and boreal 
fluids reciprocally attract. 

521. xratnral or munagrnetised stato. — When a body per- 
vaded by the compound fluid is in its natural state and not 
magnetic, the two fluids are in combination, each molecule of the 
one being combined with a molecule of the other ; consequently, 
in such state, neither attraction or repulsion is exercised, inas- 
much as whatever is attracted by one molecule is repelled by the 
other. 

522. BKagrnetlsed state. — When a body is magnetic, the fluid 
which pervades it is decomposed, the austral being directed towards 
one side of the equator, and the boreal towards the other. That 
side of the equator towards which the austral fluid is directed is 
the austral, and that towards which the boreal fluid is directed is 
the boreal pole of the magnet. 

If the austral poles of the two magnets be presented to each 
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other, thej will mutually repel, in consequence of the mutual re- 
pulsion of the fluids which are directed towards them ; and the 
same effect will take place if the boreal poles be presented to each 
other. J£ the austral pole of the one magnet be presented to the 
boreal pole of another, mutual attraction will take place, because 
the austral and boreal fluids, though separately self-repulsive, are 
reciprocally attractive. 

It is in this manner that the hypothesis of two self-repulsive and 
mutually attractive fluids supplies an explanation of the general 
magnetic law, that like poles repel and unlike poles attract. It 
must be observed that the attraction and repulsion in this hypo- 
thesis are imputed not to the matter composing the magnetic body, 
but to the hypothetical fluids by which this matter is supposed to 
be pervaded. 

523. CoereiTe foree. — The force with which the opposite 
fluids are combined in bodies susceptible of magnetism varies. 
In some the conductor is feeble, so that they are easily decomposed, 
and the body consequently easily magnetised. In others they are 
more strongly combined, resisting decomposition, and rendering 
magnetism more difficult. 

The facility with which after decomposition they are recombined, 
so as to restore the body to its natural or unmagnetised state, is 
always proportionate to that with which they are decomposed. 

This force, which resists decomposition and recomposition with 
more or less intensity, is called the coercive force. It has great 
intensity in highly tempered steel, which consequently, when 
once magnetised, retains its magnetism ; and it is scarcely sensible 
in soft iron, which, when magnetism is momentarily impui;ed to it, 
loses the virtue almost instantaneously. 

It might be assumed hypothetically that all bodies whatever are 
pervaded by the two magnetic fluids in a state of combination, and 
that some are unsusceptible of magnetism only because no power 
has been discovered sufficiently energetic to overcome their 
coercive force, while those which are susceptible of magnetism, 
and which retain the virtue once imparted to them, have a coercive 
force sufficiently limited to allow of decomposition, but sufficiently 
energetic to prevent spontaneous recomposition ; and that bodies 
like soil iron, which are only susceptible of temporary magnetism, 
have so little coercive force that, when removed from the influence 
of the decomposing agent, the fluids are spontaneously recombined. 

524. BKagrnetic substances. — The only substances in which 
the magnetic fluid has been decomposed, and which are therefore 
susceptible of magnetism, are iron, nickel, cobalt, chromium, and 
manganese, the first being that in which the magnetic property is 
manifested by the most striking phenomena. 
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CHAP. n. 

MAGNETISM BY INDUCTION. 

525. Soft iron rendered temporariljr maynetlo. — If the 

extremity of a bar of soft iron be presented to one of the poles of 
a magnet, this bar will itself become immediately magnetic. It 
will manifest a neutral line and two poles, that pole which is id 
contact with the magnet being of a contrary name to the pole 
which it touches. Thus, if a ^tfig, 304., be the bar of soft iron 

a e ^A. B 3 

1 ■ " ' ■ 



Fig. 304. 

which is brought in contact with the boreal pole h of the magnet a h, 
then A will be the austral and b the boreal pole of the bar of soft 
iron thus rendered magnetic by contact, and e will be its equator, 
which however will not be in the middle of the bar, but nearer to 
the point of contact. These effects are thus explained by the 
hypothesis of two fluids. 

The attraction of the boreal pole of the magnet a b acting upon 
the magnetic fluid which pervades the bar ab, decomposes it, 
attracting the austral fluid towards the point of contact a, and 
repelling the boreal fluid towards b. The austral fluid accordingly 
predominates at the end a, and the boreal at the end b, a neutral 
line or equator e separating them. 

This state of the bar a b can be rendered experimentally mani- 
fest by any of the tests already explained. If it be rolled in iron 
filings, they will attach themselves in two tufts separated by an 
intermediate point which is free from them ; and if the test pen- 
dulum (514.) be successively presented to different points of the 
bar, the varying intensity of the attraction will be indicated. 

If the bar a b be detached from the magnet, it will instantly 
lose its magnetic virtue, the fluids which were decomposed and 
separated will spontaneously recombine, and the bar will be re- 
duced to its natural state, as may be proved by subjecting it 
after separation to any of the tests already explained. 

Thus is manifested the fact that the magnetism of soft iron has 
no perceptible coercive force. The magnetic fluid is decomposed 
by the contact of the pole of any magnet however feeble, and 
when detached it is recomposed spontaneously and immediately. 

526. Tills may be effected by prosKimi^ wltlumt eontaeti 
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le bar a b be presented at a small distance from the pole ft, 

manifest magnetism in the same manner; and if it be 

II7 removed from the pole, the magnetism it manifests will 

h in degree, until at length it wholly disappears. 

e end b instead of a be presented to 5, the poles of the 

ary magnet will be reversed, b becoming the austral, and a 

eal. 

series of bars of soft iron ab, a^b', a^^b'^, fig, 305., be 

_ f r ff tr 
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Fig. §0$. 

\ into successive contiguity so as to form a series without 
3 contact, the extremity a of the first being presented to 
eal pole h of the fixed magnet, then each bar of the series 
rendered magnetic. The attraction of the boreal fluid at 
ecompose the magnetic fluid of the bar a b, attracting the 
fluid towards a, and repelling the boreal fluid towards b. 
real fluid thus driven towards b will produce a like decom- 
i of the fluid in the second bar a'b', the austral fluid 
.ttracted towards a^ and the boreal repelled towards b^ ; 
e effects will be produced upon the next bar a^^ b% and 

e bars be brought gradually closer together, the intensity 
magnetism thus developed will be increased, and will con- 
> be increased until the bars are brought into contact. 
BzperlmeBtal iUnstratloB. — This may be rendered evi- 
' the simple experiment shown in fig, 306., where several 




Fig. 306. 

f soft iron are in succession suspended one from another 
K)le of a magnetic bar. 

ZnductloB is the name given to this process, by which 
ism is developed by magnetic action at a distance. 
Maffnets wltb poles reversed neutralise eaob otber. 
second magnet of equal intensity with the first be laid 
hyfig* 305., with its poles reversed, so that its austral pole 
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shall coincide with b and its boreal with a, the bars a b, a'b', 
A^^ Bf^ magnetised by induction will instantly be reduced to their 
natural state, and deprived of the magnetic influence. This is 
easily explained. The attraction of the pole b, which draws 
towards it the austral and repels the boreal fluids of the bar ab, 
is neutralised by the attraction and repulsion of the austral pole 
of the second magnet laid upon it, which repels the austral fluid 
of the bar a b with a force equal to that with which the boreal 
fluid of the pole b attracts it, and attracts the boreal fluid with 
as much force as that with which the pole b repels it. Thus 
the attraction and repulsion of the two poles of the combined 
magnets neutralise each other, and the fluids which were decom- 
posed in the bar ab spontaneously recombine; and the same 
efiects take place in the other bars. 

All these efiects may be rendered experimentally manifest by 
submitting the bars a b, Af b^, a'^ b'^ to any of the tests already 
explained. 

530. A magnet broken at Its equator produees two 
maffnets. — It might be supposed, from what has been stated, 
that if a magnetic bar were divided at its equator, two magnets 
would be produced, one having austral and the other boreal mag- 
netism, so that one of them would attract an austral and repel a 
boreal pole, while the other would produce the contrary attraction 
and repulsion. This, however, is not found to be the case. If & 
magnet be broken in two at its equator, two complete magnets 
will result, having each an equator at or near its centre, and two 
poles, austral and boreal ; and if these be again broken, other 
magnets will be formed, each having an equator and two poles as 
before ; and in the same manner, whatever be the number of parts, 
and however minute they be, into which a magnet is divided, each 
part will still be a complete magnet, with an equator and two 
poles. 

531. BeooinpoBitlon of mavnetlo fluid Is not attended by 
Its transfer between pole and pole. — It cannot, in a word, be 
assumed that the boreal fluid passes to one, and the austral fluid to 
the other side of the equator ; for if this were the case, the fracture 
of the magnet at the equator would leave the two parts, one sur- 
charged with austral and the other with boreal fluid, whereas by 
what has been just stated it is apparent that after such division 
both parts will possess both fluids. 

532. Tbe decomposition is therefore moleonlar* — Each 
molecule of the magnet is invested by an atmosphere composed of 
the two fluids, and the decomposition takes plaoe in these atmo- 
spheres, the boreal fluid passing to one side of the molecule, and 
i;he austral fluid to the other. When a bar is magnetised, there- 
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fore, the material molecules which form it are invested with the 
magnetic fluids, but the austral fluids are all presented towards 
the austral pole, and the boreal fluids towards the boreal pole. 
When the bar is not magnetic, but in its natural state, the two 
fluids surrounding each molecule are diflused through each other 
and combined, neither prevailing more at one side than the other. 

533. .Tlie eoereive Idree of iron Tailes wltb Its moleonlar 
■tmotiire. — The metal in difierent states of aggregation possesses 
different degrees of coercive force. Soft iron, when pure, is con- 
sidered to be divested altogether of coercive force, or at least it 
possesses it in an insensible degree. In a more impure state, or 
when modified in its molecular structure by pressure, percussion, 
torsion, or other mechanical effects, it acquires more or less coer- 
cive power, and accordingly resists the reception of magnetism, 
and when magnetism has been imparted to it, retains it with a 
proportional force. Steel has still more coercive force than iron, 
and steel of different tempers manifests the coercive force in dif- 
ferent degrees, that which possesses it in the highest degree being 
the steel which is of the highest temper, and which possesses in 
the greatest degree the qualities of hardness and brittleness. ' 

534. Bllbot of Indnotion on bard iron or steel. — If a bar of 
hard iron or steel be placed with its end in contact with a magnet, 
in the same manner as has been already described with respect to 
soft iron, it will exhibit no magnetism ; but if it be kept in con- 
tact with the magnet for a considerable length of time, it will 
gradually acquire the same magnetic properties as have been de- 
scribed in respect to bars of soft iron, — with this difference, how- 
ever, that having thus acquired them, it does not lose them when 
detached from the magnet, as is the case with soft iron. Thus it 
would appear, that it is not literally true that a bar of steel when 
brought into contact with the pole of a magnet receives no mag- 
netism, but rather that it receives magnetism in an insensible 
degree; for if continued contact impart sensible magnetism, it 
must be admitted that contact for shorter intervals must impart 
more or less magnetism, since it is by the accumulation of the 
effects produced from moment to moment that the sensible mag- 
netism manifested by continued contact is produced. 

It appears, therefore, that the coercive energy of the bar of 
steel resists the action of the magnet, so that while the pole of the 
magnet accomplishes the decomposition of the magnetic fluid in a 
bar of soft iron instantaneously, or at least in an indefinitely small 
interval of time, it accomplishes in a bar of steel the same decom- 
position, but only after a long protracted interval, the decompo- 
sition proceeding by little and little, from moment to moment, 
during such interval. 
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Varioos expe^entsw » will appear boreafter^ haTe been con- 
trxred. br whieh tlie decompoBdoa in the case of sled bars having 
a greas eoerare feree is expci&ed. These consist generally in 
moring the pole of the magnet s ncuiisainJ y orer the Tarions points 
of the steel bar. upon iriiidi it b desired to produce the decom- 
position, the motion being ahra js made with the contact of the 
same pole, and in the same direction. The pole is thus made to 
act sncceasiTdhr upon cTerr part of the snr&ce of the bar to be 
magnetised, and being bron^it into closer contact with it acts 
more energeticall j ; whereas when applied to onlj one pcnnt, the 
energj of its action upon other points is aifeeUed bj distance, 
the intensitj of the magnetic attraction diminishing^ fike that of 
graYitr, in the same prc^mrtion as the square of the distance 



Since steel bars baring once receired the ma^n^etic virtue in 
this manner retain it for an indefinite time, artificial magnets 
can be produced bj these means of anj required form and mag- 
nitude. 

535- 




Fig. 307. 



— Thus a mag- 
netic needle generally receives 
the form of a lozenge, as repre- 
sented in^. 307., having a ca- 
nical cup of agate at its centre, 
which is supported upon a pivot 
in such a manner as that the 
needle is firee to turn in a hori- 
zontal plane, round the pivot as 
a centre. In this case the weight 
of the needle must be so re- 
lated as to be in equilibrium on 
the pivot. 

Bar magnets are pieces of steel in the form of cylinders or 
prisms whose length is considerable cwnpared with their depth 
or thickness. In producing such magnets certain processes are 
necessary, which will be explained hereafter. 

536. Compound maffneta consist of several bar magnets, equal 
and similar in magnitude, being placed one upon the other with 
their corresponding poles together. 

537. Blfeeta of Heat on mairiiotlanDu— Since the elevation or 
depression of temperature by producing dilatation and contraction 
affects the molecular state of a body, it might be expected to 
modify also its magnetic properties, and this is accordingly found 

to be the case. 

538. A. rod beat destrojs tHe n&affnetlam of Iron.— The 
eievation of temperature and the molecular dilatation consequent 
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upon it (Icitroyi the ooorcive foroo, and allows iho rcoonibination of 
thti magnotlo fluid. Whon aflor iuch change the magnut in allowed 
to oool, it will continue divented of it* inagnetio (luiilltieii. Tlione 
effeots may, however, be again imparted to it hy the proceiitf 
already mentioned. 

539. BlfllMr«Bt mftfA^tlo bo4lM Iom tli«ir mMTB^tUm at 
OiflbMBt MmpMratttMtt— Thui the ma(;netliim of nickel ii oifacod 
when it is raised to the temperature of 660®, iron at a cherry red, 
and cobalt at a temperature much more elevated. 

540. ■•«! oppoMd to iBduetloBfl — Hut not only d(K>H in- 
crt^ased temperature deprive permanent magnets of their mag- 
netism, but it renders even soft inm unsusceptible of magnetiHiii 
by induction, for it is found that soft in)n rendered incandcHcunt 
does not become magnetic, when brought into ccmtact or conti- 
guity with the pole of a magnet. 

541. Xnduoed mMTBetlam maar be rendered permMieDt hy 
hMamorlBf Mid other moobaBloal oAsotSt — If a bar of noft 
iron, when rendered magnetic by induction, bo hanunered, rftlUnl, 
or twisted, it will retain its magnetism. It would follow, there- 
fore, that the change of molecular arrangement thus produced 
confers upon it a coercive force which it had not previously. 

542. Oompouada of Iron are dlAsroDtlsr ■uaoeptlble of 
macBOtlam according to the proportion of iron they of)iituin. 
Kxceptions, however, to this are represented in the peroxide, the 
persulphate, and some other com]M>un(ls containing iron in nnmll 
proportion, in which the magnetic virtue is not at all present. 

543. Oompouada of other mMmetlo bodlea are not aua- 
oopttblOt — Nickel, cobalt, chromium, and manganese are the only 
simple bodies which, in common with iron, enjoy the magnetic 
)>roperty, and this property completely diriappearN in most of the 
chemical compounds of which they form a part. Magnetism, how- 
ever, has been rendered manifest under a great variety oi' circum- 
stances connected with the development of electricity which have 
been already explained. 

544. OoBtoqaoBt polBtif — In the production of artificial 
magnets, it (Vecjuently happens that a magnetic bar has more than 
one e(|uator, and conse(|uently more than two poles. This fact 
may l>e experimentally ascertained by exposing successively the 
length of a bar to any of the tests alreatly explained. Thus, if 
presented to the test pendulum, it will be attracted with a con- 
tinually decreasing force as it approaches each etpiator, and with 
an increasing force as it recedes iVom it. Jf the bar be rolled in 
iron filings, they will be attached to it in a succession of tufts sepa- 
rated by spaces where none are attiuthed, indicating the e(|uators. 

If It be placed un<ler a glass plate or sheet of paper on which 
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fine iron filings are sprinkled, tiief will amnge tbeouelTes a 
cording to s leries of concentric cnms, ■ 
^- Jo8. 



It is evident that the magnetic bar in this case is eqiuTalent to t 
succewon of indupendent magneta placed pole to pole. 
Hie equalora in these cases are called eomMeqnent poi»lt. 



nii^lietic needle, suspended bj a fibre of ulk so as to be 
free to assume anj position, which the attractions that act upon it 
maj have a tendency to give to it, be carried over a magnetic bsi 
Inna end to end. it will assume in different positions different &• 
rections, depeniUng on the effect produced bj the attradiaDS snd 
repulsions exercised bj the bar Qpoa it. 

Let a b,Ji<^ 109., b« aoch a needle, the thnad of snspenBiaii oc being fint 
plat«l Tenicilly oTer tbe equator a of the magiwtio bar As. The anMnl 
magnetiam of A a will attract the bonal magoetim of b a, and will i^ial tM 

will attnct Ibg auural magnetism uf u i, and will r«pal the boreal magnellMi 
otbi. Tbese atlractiuns and repulsjuus will moreorer be respectivel; oqnili 
■ini-e the diitann of dc and&t from n a and BE are equaL IJie naedteni 
will therefora settle ilseir parallel to the bar A B, the pole « being dinrted ID 
B, and the pole b being directed to a. 

If the tnspending thnad o • be reraovvd towaida a to r «, the attraction id 
A upon b will became greater than the altnctjoa of B upon o, bacanie llw 
diitance of a from 1 will be lea than the distance of B Irom a ; and, for ■ 
like reason, the repuljion i>(a upon a will be gnaler tban the npniaion cf i 
upon t. The needle a b will Ihenfur* be aflecled as if the end b were hesviw 
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a a, and it will throw itself into the inclined position represented in the 
He, the pole a inclining downwards. 
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it be carried stUl further towards a, the inequality of the attractions 
repulsions increasing in consequence of the greater inequality of the 
inces of a and 6 from a and b, the inclination of h downwards will be 
ortionally augmented, as represented at p'. In fine, whoi the thread of 
ension is moved to a point f'' over the pole A, the needle will become 
ical, the pole b attracted by a pointing downwarda If the needle be 
led in like manner from e to b, like effects will be manifested, as repre- 
sd in the figure, the pole a inclining downwards, arising from the same 
es. 

u magnetic needle similarly suspended, carried over the surface 
he earth in the directions north and south, undergoes changes 
lirection such as would be produced, on the principles ex- 
ned above, if the globe were a magnet having its poles at 
;ain points, not far distant from its poles of rotation. To 
ler this experimentally evident, it will be necessary to be pro- 
Hi with two magnetic instruments, one mounted so that the 
ile shall have a motion in a horizontal plane round a vertical 
I, and the other so that it shall have a motion in a vertical plane 
ad a horizontal axis. 

46. Tbe axlinatli compass is an instrument consisting of a 
paetic bar or needle balanced on a vertical pivot, so as to be 
ible of turning freely in a horizontal plane, the point of the 
He playing in a circle, of which its pivot is the centre. It is 
ously mounted and designated, according to the circumstances 

purpose of its application. When used to indicate the relative 
'ings or horizontal directions of distant objects, whether ter- 
rial or celestial, a graduated circle is placed under the needle 

concentric with it. The divisions of this circle indicate the 
rings of any distant object, in relation to the direction of the 
ile, ^.310. 

le most efficient form of azimuth or variation compass, as it is otherwise 
d, is shown iajig. 310. The needle b b' is enclosed in a copper case with 
iss top, the rim of which supports a telescope ff', which plays in a 
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' By comparing the direction of any oelestial object, whose real azimuth is 
luiown, with the direction of the needle, its apparent azimuth will be found, 
And the difference between the apparent and real azimuth is in that case the 
Variation of the compass. 

The pivot in this form of compass is rendered vertical by means 
of a plumb line or spirit level. 

547. Tlie amtmutli oompass used at sea has the pivot 
supporting the needle fixed in the bottom of a cylindrical box, 
closed at the top by a plate of glass, so as to protect it from 
^he air. The magnetic bar is attached to the under side of a 
circular card, upon which is engraved a radiating diagram, di- 
"^iding the circle into thirty-two parts called points. The compass 
^ox is suspended so as to preserve its horizontal position un- 
^sturbed by the motion of the vessel, by means of two concentric 
<^oops called gifnbals*^ one a little less than and included within 
^he other. It is supported at two points upon the lesser hoop, 
^hich are diametrically opposite, and this lesser hoop itself is 
Supported by two points upon the greater hoop, which are 
^Iso diametrically opposite, but at right angles to the former. By 
these means the box, being at liberty to swing in two planes at 
I'ight angles to each other, will maintain itself horizontal, and will 
therefore keep the pivot supporting the needle vertical, whatever 
be the changes of position of the vessel. 

This arrangement is represented in Jig, 311., a vertical section of the 
compass box being given in^. 312. 

The sides of the cylindrical box are b b\ its bottom ff, and the glass 
which covers it 0. The magnetic bar or needle is supported on a vertical 
pivot by means of a conical cup, and can be raised and lowered at pleasure 




Fig. 311. 



Fig. 312. 



by means of a screw w. The compass card is represented in section at r / 
fig. 312., and the divisions upon it marked by radiating lines called the rose 
are represented in^;^. 311. 



♦ « Mechanics" (549.). 
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Tvo DUTaw plitcs, p and ]f, its ittached to the rides of ths box so u t.^ 

be diametriciUj c^pgaed. lafi there ii a tuiraw vntickl alit. Inp' thc^^ 
1« ■ wider vertical alit, along which i« ttretched vertically a thin wire. 1%^. 
e<re placed at looki thraagh the two ilili, and tnini the inatmrnsnt nn^^ 
ila iupport until the object otobwrvaCion ii inlenecled by the vertical wir» 
extended along the iilit p'. Proviikiiu ue made id the iDstmmeDt )» 
which the directioa Ihui obaerved can be aKertiioed relatively to that 1/ 
the Deedle. The angle inclnded between the direction of the obierveif 
object, and that of the needle, is the btariag oC the object relatively to thg 
Dandle. 

The compan box ia iiupended within the hoop t if, at two poinli ii* 
diametrically opposed, end the hoop it' i» itielf lospeDded within Ihe Sitd 
hoop B c', at two poinU x z', ilea diametrically oppoaed, but at right ugki 




admitting light to the Inatmment at night A etrong lamp with > 
reflector la placed opposite thia, by which the interior of Ihe box ia il1>- 
minated, and the light ia reflected to a plate of talc, or other aemi-tranqa- 
rent suhitance, on which the divisiona of the compau are marked. A UM 
marked over the box toincidea irith the couiae of the veanel, and the hda>- 
man Bo regulsUa it that thia line ahall form an angle with the north polo of 
the needle eqoal to that which the conne of the vesael ia required to hit 



548. ni«dlpplncno«aie,j^. 3 14., consistB of a magnetic needle 
A B, supported and balanced on a horizontal axis, and pUjiig 
therefore in a vertical plane. The angles throogfi which it tiini 
are iodicated hy a graduated circle d d, the centre of which 
coincides with the axis of the needle, and the frame which sup- 
ports it has an aztmuthal motion round a vertical axis, which ii 
indicated and measured bj the graduated horizontal circle F r. 
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The mstrument is adjiuted bj means ofa spirit level, and regulating 
screws qq inserted in the feet. 

J49. ABBlTBla of maffsetlo plMuomenB itf tba ttath. — 

Supplied with these instruments, it will be easy to submit to 
observation tbe magnetic phenomena manifested at different parts 
of the earth. 




If the azimuth compass be placed anywhere in the northern 
bemisphere, at London for example, the needle vill take a certain 
position, forming an angle with the terrestrial meridian, and di- 
recting one pole to a point a certain number of degrees west of the 
north, and the other to a point a like number of degrees east of 
the south. If it t>e turned aside from this direction, it will, when 
liberated, oscillate on the one side and the other of this direction, 
and goon come to rest in it. 

Since an unmagnetised needle would rest indifierently in any 
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Erection, this preference of the magnetised needle to one par- 
ticular direction, must be ascribed to magnetic force exerted bj 
the earth attracting one of the poles of the needle in one direction, 
and the other pole in the opposite direction. That this is not the 
casual attraction of unmagnetic ferruginous matter contained 
within the earth, is proved by the fact that, if the direction of the 
needle be reversed, it will, when liberated, make a pirouette upon 
its pivot, and afler some oscillations resume its former direction. 
This remarkable property is reproduced in all parts of the earth, 
on land and water, and equally on the summits of lofty mountains, 
in the lowest valleys, and in the deepest mines. 

550. Tbe maffnetlo meridian is the direction thus assumed 
by the horizontal needle in any given place. 

The direction of a needle which would point due north and 
south is the true meridian^ or the terrestrial meridian of the place. 

551. Tbe declination or variation is the angle formed by the 
magnetic meridian and the terrestrial meridian. 

The declination is said to be eastern or western, according as the 
pole of the needle, which is directed northwards, deviates to the 
east or to the west of the terrestrial meridian. 

552. Magnetic polarity of tbe eartb. — To explain these 
phenomena, therefore, the globe of the earth itself is considered as 
a magnet, whose poles attract and repel the poles of the horizontal 
needle, each pole of the earth attracting that of an unlike name, 
and repelling that of a like name. If, therefore, the northern pole 
of the earth be considered as that which is pervaded by boreal 
magnetism, and the southern pole by austral magnetism, the 
former will attract the austral and repel the boreal pole, and the 
latter will attract the boreal and repel the austral pole of the 
needle. Hence it will follow that the pole of the needle which is 
directed northwards is the austral, and that which is directed 
southwards is the boreal pole. 

553. Variation of tbe dip. — It was shown in (545 .) that when 
a needle which is free to play in a vertical plane was carried over 
a magnet, it rested in the horizontal position only when suspended 
vertically over the equator of the magnet, and its austral and 
boreal poles were inclined downwards, according as the needle 
was suspended at the boreal or austral side of the equator, and 
that this inclination was augmented as the distance from the 
equator at which the needle was suspended was increased. Now 
it remains to be seen whether any phenomenon analogous to this 
is presented by the earth. 

For this purpose let the dipping needle, fig. 314., be arranged with its 
axis at right angles to the direction of the needle of the azimnth compass. 
Jt mil then be found, that in general the dipping needle will not rest in • 
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horizontal position, bat will assume a direction inclined to the vertical line, 
as represented in the figure, one pole being presented downwards, and the 
other upwards. The angle which the lower arm of the needle makes with 
the horizontal line is called the dip. 

If this apparatus be carried in tiiis hemisphere northwards, in the direction 
in which a horizontal needle would point, the austral pole will be inclined 
downwards, and the dip will continually increase ; but if it be carried 
floathwards, the dip will continually diminish. Bv continuing to transport 
it southwards, the dip continually diminishing, a station will at length be 
foand where the needle will rest in the horizontal position. If it be carried 
fiirther southwards, the boreal pole will begin to turn downwards ; in other 
words, the dip will be south instead of north, and as it is carried fiirther 
southwards, this dip will continue to increase. 

If the needle be carried northwards, in this hemisphere the dip continually 
augmenting, a station will at length be attained where the needle will 
become vertical, the austral pole being presented downwards, and the boreal 
pole upwards. In the same manner, in the southern hemisphere, if the 
Qeedle be carried southwards, a station will at length be attained where it 
will become vertical, the boreal pole being presented downwards, and the 
aastral pole pointing to the zenith. 

Completo analoi^ of the earth to a magrnett — By com- 
paring these results with those which have been already described 
in the case where the needle was carried successively over a 
magnetic bar, the complete identity of the phenomena will be 
apparent, and it will be evident that the earth and the needle 
comport themselves in relation to each other exactly as do a small 
and a great magnet, over which it might be carried, the point 
where the needle is horizontal being over the magnetic equator, 
and those two points where it is vertical being the magnetic 
poles. 

554. Tlie maffnetlo equator. — The needle being brought 
to that point where it rests horizontal, the magnetic equator 
will be at right angles to its direction. By transporting it suc- 
cessively in the one or the other direction thus indicated, the 
successive points upon the earth's surface where the needle rests 
horizontal, and where the dip is nothing, will be ascertained. 
The line upon the earth traced by this point is the magnetic 
equator. 

555. Its form and position not reynlar. — ^This line is not, as 
might be expected, a great circle of the earth. It follows a course 
crossing the terrestrial equator from south to north, on the west 
coast of Africa, near the island of St. Thomas, at about 7° or 8® 
long. E., in a direction intersecting the equator at an angle of 
about 1 2° or 1 3°. It then passes across Africa towards Ceylon, 
and intersects that island near the point of the Indian promontory. 
It keeps a course from this of from 8° to 9° of N". lat. through the 
Indian Archipelago, and then gradually declining towards the 
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i^am Iiitei»tt5 it at a point m die Pacific Ocean in long. 
170^ W., the an«ele at wiiick it intenects die line being more acute 
than at the odier point of inteTaectkn. It then follows a course 
a iew degrees sooth of the Iine^ and striking the west coast of 
Sovth Amcncm near Lima* it caimbc s the Soath American conti- 
nent, attaining the greatest south latitude near Bahia ; and then 
i^aitt ascending towards the line, tia i eises the Atlantic and strikes 
the coast of Afiricar » ahreadj stated, near the island of St 



The magnetic equator, unlike the ediptic, is not any r^ular 
curre. bat fijUows the coarse we hare just indicated in a direction 
slightlj sinuous. 

556. iTMlntlaM «r ttM «lp wmtam naUli «r amrtk. — It has 
been explained, that proceeding from north or south, from the 
m^netie equator, the needle dips on the one side or on the other, 
the dip increasing with the distance from the magnetic equator to 
which the needle is transported north or south. 

557. Thm ItaMs or Bt«al «p» therefore* maj be considered as 
bearing the same rdation to the magnetic equator which parallels 
of ladtude bear to the terrestrial equator, being arranged nearly 
parallel to the fonner, though not in a manner so r^ular as in the 
case of parallels of ladtude. 

558. T a gm t m c i ifiilillnM — ^If the horizontal needle be trans- 
ported north or south, following a course indicated by its direc- 
tion, it will be carried orer a magnetic meridian. These magnetic 
meridians, therefore, bear to the magnetic equator a relation 
analogous to those which terrestrial meridians bear to die terres- 
trial equator, but, like the lines of equal dip, they are much more 
irr^ular. 

559. HetbAd or aBriciHalnlHt ttao doeUMitioB oT tHe 
■e^dlea.— AstroncHny supines yarious methods of determining 
in a given place the declinadon of the needle. It may be gene- 
rally stated that this problem may be solved by 
observing any object whose angular distance 
fix>m the true north is otherwise known, and 
comparing the direcdon of such object with the 
direction of the needle. Let p, J^. 3 1 5., be the 
place of observation ; let p k be the direction of 
the true north, or, what is the same, the direction 
of the terrestrial meridian ; and let p n^ be the 
direcdon of the magnedc needle, or, what is the 
same, the magnedc meridian. The angle npk' 
will then be die declinadon of the needle, being 

Fig. 315. the angle formed by the terrestrial and magnetic 

meridians (551.)* 
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Let o be any object seen on the horizon in the direction p o ; 
the angle o p n is called the true azimuth of this object, and the 
angle opn' b called its magnetic azimuth. This magnetic azimuth 
may always be observed by means of an azimuth compass. 

If, then, an object be selected whose true azimuth is otherwise 
known, the declination of the needle may be determined by 
taking the difference between the true and magnetic azimuths of 
the object. 

There are numerous celestial objects of which the azimuths are 
either given in tables, or may be calculated by rules and formulse 
supplied by astronomy ; such, for example, as the sun and moon 
at the moments they rise or set, or when they are at any proposed 
or observed altitudes. By the aid of such objects, which are 
visible occasionally at all places, the declination of the needle may 
be found. 

560. Xiooal deolinatloiis. — ^At different places upon the earth's 
Borface the needle has different declinations. In Europe its mean 
declination is about 1 7^, increasing in going westward. 

561. JLffonio lines. — There are two lines on the earth's sur- 
&ce which have been called agonic lines, upon which there is no 
declination ; and where, therefore, the needle is directed along the 
terrestrial meridian. One of these passes over the American and 
the other over the Asiatic continent, and the former has con- 
sequently been called the American and the latter the Asiatic 
agonic. These lines run north and south, but do not follow the 
course of meridians. It has been ascertained that their position is 
not fixed, but is liable to sensible changes in considerable intervals 
of time. 

562. Variation of declination. — In proceeding in either 
direction, east or west from these lines, the declination of the 
needle gradually increases, and becomes a maximum at a certain 
intermediate point between them. On the west of the Asiatic 
agonic the declination is west, on the east it is east. 

At present the declination in England is about 24° W. ; in 
Boston in the U. States it is 5^° W. Its mean value in Europe 
is 17° W. At Bonn it is 20°, at Edinburgh 26°, Iceland 38**, 
Greenland, 50°, Konigsberg, 1 3°, and St. Petersburg 6°. 

The following table, however, will exhibit more distinctly the 
variation of the declination in different parts of the globe. The 
longitudes expressed in the first column are measured westward 
from the meridian of Paris, and the declinations given in the 
second column are those which are observed on the terrestrial 
equator, those in the third column corresponding to the mean 
latitude of 45^ 
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TcMe of the DecUnatiatu of the Magnetic Needle ni different 
Longitudes, and in Lat.^o and LaL^sj^^**, 
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563. Zsoffonio lines are lines traced upon the globe at a point 
at which the magnetic needle has the same declinations. Iliese, 
as well as the isoclinic lines, or lines of equal dip, are irregulBT in 
their arrangement, and not very exactly ascertained. 

564. &ooal dip. — The local variations of the dip are also im- 
perfectly known. In Europe it ranges from 60^ to 70°. In 1 836 
the dip observed at the undermentioned places was as follows:— 

Pekin . . . - . 

Rome . - - . . 

Bruiivli .... 

St. Petersburg ... 

St. Helena .... 
Rio de Janeiro - - . 

565. The poaition of tbe maarnetic polesy or the points 
where the dip is 90^, is determined with considerable difiicultj, 
inasmuch as for a considerable distance round that point the dip 
is nearly 90^. Hanstecn considered that there were grounds for 
supposing that there were two magnetic poles in each hemisphere. 
One of these in the northern hemisphere he supposed to be west 
of Hudson's Bay, in 80° lat. N., and 96° long. W. ; and the other 
in Northern Asia, in 81° lat. N., and 1 16® long. £. The two 
southern magnetic poles he supposed to be situate near the 
southern pole. This supposition, however, appears to be at 
present abandoned, and the observations of Gauss lead to the con- 
clusion that there is but one magnetic pole in each hemisphere. 

In the northern voyages made between 1829 and 1833, Sir 
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tTames Ross found the dipping needle to stand vertical in the 
leighbourhood of Hudson's Bay at 70° 5' 17'^ lat. N., and 
114° 55' 18'' long. W. The dipping needle, according to the 
)b8ervations of Sir James Ross, was nowhere absolutely vertical, 
departing from the vertical in all cases by a small angle, amount- 
ng generally to one minute of a degree. This, however, might be 
iscribed to the error of observation, or the imperfection of instru- 
nents exposed to such a climate. 

The existence of the magnetic pole, however, at or near the 
K>int indicated, was proved by carrying round it at a certain 
listance a horizontal needle, which always pointed to the spot in 
whatever direction it was carried. Gauss has fixed the position 
)f the magnetic pole in the southern hemisphere by theory at 
'2® 35' lat. S., and 1 52® 30' long. E. 

566. Tlie magnetic poles are not tberefore antipodal, like 
he terrestrial poles ; or, in other words, they do not form the ex- 
remities of the same diameter of the globe : they are not even on 
he same meridian. If Gauss's statement be assumed to be cor- 
"ect, the southern magnetic pole is on a meridian 152° 30' E. of 
he meridian of Greenwich, and therefore 207° 30' W. of that 
neridian, whereas the northern magnetic pole is on a meridian 
114** 55' 18" W. The angle, therefore, between the two meri- 
Uans passing through the two poles will be about 92^°. It would 
bUow, therefore, that these points lie upon terrestrial meridians 
learly at right angles to each other, and that upon these they are 
it nearly equal distances from the terrestrial poles ; the distance 
»f the northern magnetic pole from the northern terrestrial pole 
>eing nearly 20°, and the distance of the southern magnetic pole 
rom the southern terrestrial pole being about 1 7^^. 

567. Periodical variations of terrestrial mairnetlsm. — It 
.ppears, from observations made at intervals of time more or less 
listant for about two centuries back, that the magnetic condition 
>f the earth is subject to a periodical change; but neither the 
[uantity nor the law of this change is exactly known. It was not 
Lntil recently that magnetic observations were conducted in such 
k manner, as to supply the data necessary for the development of 
he laws of magnetic variation, and they have not been yet con- 
inued a sufficient length of time to render these laws manifest. 

Independently of observation, theory affords no means of ascer- 
aining these laws, since it is not certainly known what ai'e the 
>hysical causes to which the magnetism of the earth must be 
iscribed. 

In the following table are given the declinations of the needle 
)b8erved at Paris between the years 1580 and 1835, and the dip 
t>etween the years 1671 and I835. 
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568. Table of Declinations observed at Paris. 



. Ve«r. 


Declination. 


Year. 


Dedlnatlfla. 


1580 
I618 


XlO W E 


1817 


120 19' W 


8 


1823 


22 23 


166} 





1824 


22 23 


1678 


I joW 


1825 


22 22 


1700 


8 10 


1827 
1826 


22 20 


1780 


»9 55 


22 5 


1785 


22 


1829 


22 12 


1805 


22 28 


I8)2 


22 3 


181J 


I8J5 


22 4 


1814 
1816 


22 34 


1851 


20 25 


22 25 







Table of the Dip observed at Paris. 



Year. 


Dip. 


Year. 


Dip. 


167I 


75° 


1820 


(gPvf 


1754 


72 15' 


1821 


68 H 


1776 


72 2< 
71 4 


1822 


68 II 


1780 


1823 


66 8 




70 52 

69 5« 

69 12 


l82< 

1829 


68 

66 

67 4> 


I8I0 


68 50 


1831 


67 40 


I8I4 
I8I6 


68 36 


183J 


67 *4 


68 40 


1841 


S,', 


I8I8 


68 35 


1851 


I8I9 


68 25 







569. Tbe intensity of terrestrtal niaflriietlun« like that of a 
common magnet, may be estimated by the rate of vibration whicb 
it produces in a magnetic needle submitted to its attraction. This 
method of determining the intensity of magnetic force is in all 
respects analogous to those, by which the intensity of the earth's 
attraction is determined by a common pendulum.* The same needle 
being exposed to a varying attraction, will vary its rate of vibra- 
tion, the force which attracts it being proportional to the square 
of the number of vibrations which it makes in a given time. ThiUi 
if at one place it makes ten vibrations per minute, and in another 
only eight, the magnetic force which produces the first will be to 
that which produces the second rate of vibration, as 100 to 64. 

570. In this manner it has been found that the intensity of 
terrestrial magnetism is least at the magnetic equator, and that it 
increases gradually in approaching the poles. 

571. Zsodynamlo lines, are lines upon the earth where 
the magnetic intensities are equal, and resemble in their general 
arrangement, without however coinciding with them, the isodink 
curves or magnetic parallels of equal dip. 

572. Their near ooinoidence witb isotbermal lines*— -B 

• " Mechanics" (505.), 
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found that there is so near a coincidence between the 
QIC and the ' isothermal lines, that a strong presumption is 
biat terrestrial magnetism either arises from terrestrial 
that these phenomena have at least a common origin. 
Bquatorial and polar intonsltles. — It appears to 
om the general result of observations made on the inten* 
errestrial magnetism, that its intensity at the poles is to 
sity at the equator nearly in the ratio of 3 to 2. 
■ffeot of tbe terrestrial n&arnetlHm on soft Iron. — If 
; were wanted to complete the demonstration that the 
the earth is a true magnet, it would be supplied by the 
roduced by it upon substances susceptible of magnetism, 
ch are not yet magnetised. It has been already shown 
m a bar of soft iron is presented to the pole of a magnet 
*al magnetism is decomposed, the austral fluid being at« 
to one extremity, and the boreal fluid repelled to the 
» that the bar of soft iron becomes magnetised, and con- 
) as long as it is exposed to the influence of the magnet, 
a bar of soft iron be presented to the earth in the same 
precisely the same effects will ensue. Thus, if it be held 
Irection of the dipping needle, so that one of its ends shall 
inted in the direction of the magnetic attraction of the 
will become magnetic, as may be proved by any of the 
magnetism already explained. Thus, if a sensitive needle 
nted to that end of the bar which in the northern hemi- 
s directed downwards, austral magnetism will be mani- 
:he boreal pole of the needle being attracted, and the 
pole repelled. If the needle be presented to the upper 
;he bar, contrary effects will be manifested ; and if it be 
d to the middle of the bar, the neutral line or equator 
indicated. If the bar be now inverted, the upper end 
resented downwards, and vice versa, still parallel to the 
needle, its poles will also be inverted, the lower, which 
ly was boreal, being austral, and vice versa. 
t bar be held in any other direction, inclined obliquely to 
)ing needle, the same effects will be manifested, but in a 
'ee, just as would be the case if similarly presented to an 
magnet ; and, in fine, if it be held at right angles to the 
1 of the dipping needle, no magnetism whatever will be 
d in it. 

Its effects on steel bars. — If the same experiments be 
th bars of hard iron or steel, no sensible magnetism will at 
leveloped ; but if they be held for a considerable time in 
i position, they will at length become magnetic, as would 
inder like conditions with an artiflcial magnet. Iron and 
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steel tools which are hung up in workshops in a vertical poaitioD 
are found to become magnetic, an effect explained by this cause. 
576. Biumal variatloii of tbe needle. — Besides the changes 
in the magnetic state of the earth, the periods of which are 
measured by long intervals of time, there are more minute and 
rapid changes, depending apparently upon the vicissitudes of the 
seasons and the diurnal changes. 

The magnitude of the diurnal variation depends upon the situation of tbe 
place, the day, and the season, but is obviously connected with the fonction 
of solar heat. At Paris it is observed that during the night the needle it 
nearly stationary; at sunrise it begins to move, its north pole taraiog 
westwards, as if it were repelled by the influence of the sun. About noon, 
or more generally between noon and three o'clock, its western variation 
attains a maximum, and then it begins to move eastward, which moTement 
continues until some time between nine and eleven o'clock at night, whea 
the needle resumes the position it had when it commenced its westen 
motion in the morning. 

The amplitude of this diurnal range of the needle is, according to Gassini'i 
observations, greatest during summer and least during winter. Its mean 
amount for the months of April, May, June, July, August, and September is 
stated at from 13 to 15 minutes; and for the months of October, November, 
December, January, and March, at from 8 to 10 minutes. There are, how* 
ever, occasionally, days upon which its range amounts to 25 minutes, and 
others when it does not surpass 5 or 6 minutes. Cassini repeated his mag- 
netic observations in the cellars constructed under the Paris observatory at 
a depth of about a hundred feet below the surface, and therefore removed 
flrom the immediate influence of the light and heat of the day. Tbe ampli- 
tude of the variations and all the peculiarities of the movement of the needle 
here, were found to be precisely the same as at the surface. 

In more northern latitudes, as, for example, in Denmark, Iceland, and 
North America, the diurnal variations of the needle are in general more 
considerable and less regular. It appears, also, that in these places the 
needle is not stationary during the night, as in Paris, and that it is towards 
evening that it attains its maximum westward deviation. On the oootnuy, 
on going trqm the north towards the magnetic equator the diurnal variations 
diminishj'^d cease altogether on arriving at this line. It appears, however, 
according to the observations of Captain Duperrey, that the position of tbe 
sun north or south of the terrestrial equator has a perceptible influence oa 
the oscillation of the needle. 

On the south of the magnetic equator the diurnal variations are produced, 
as might be expected, in a contrary manner; the northern pole of tbe 
magnet turns to the east at the same hours that, in the northern hemispboc^ 
it turns to the west. 

It has not yet been certainly ascertained whether in each hemisphere 
these diurnal variations of the needle correspond in the places where tbe 
eastern and western declinations also correspond. 

The dip is also subject to certain diurnal variations, but much smaller hi 
their range than in the case of the horizontal needle. 

As a general result of these observations it may be inferred, that if a 
magnetic needle were suspended in such a manner as to be fnB to mote !> 
Aoy direction whatever, it would, during twenty-four houxs, movft romjditt 
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tupendon in such a manner as to describe a small cone, whos^ 
b« an ellipse or some other curve more or less elongated, and 
is the mean direction of the dipping needle. 

>lsturbano«s in tbe marnetlo intensity. — The in- 
well as the direction of the magnetic attraction of the 
I given place are subject to continual disturbances, in- 
sly of those more regular variations just mentioned, 
listurbances are in general connected with the electrical 
le atmosphere, and are observed to accompany the phe- 
if the aurora borealis, earthquakes, volcanic eruptions, 
cissitudes of temperature, storms, and other atmospheric 

Blliience of aurora borealis. — During the appearance 
rora borealis in high latitudes, a considerable deflection 
idle is generally manifested, amounting often to several 
80 closely and necessarily is magnetic disturbance 
with this atmospheric phenomenon, that practised ob- 
n ascertain the existence of an aurora borealis by the 
8 of. the needle, when the phenomenon itself is not 
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rnetieation is founded upon the property of induction 
When one of the poles of a magnet is presented to any 
h is suscept ible of magnetism, it will have a tendency to 
i the magnetic fluid, attracting one of its constituents 
ing the other. If the coercive force by which the fluids 
led be greater than the energy of the attraction of the 

decomposition will take place, and the body to which 
ited will not be magnetised, but the coercive force with 

fluids are united will be rendered more feeble, and 
will be more susceptible of being magnetised than 

3ver, the energy of the magnetic be greater than the 
brce, a decomposition will take place, more or less in 

1 as the force of the magnet exceeds in a greater or less 
i coercive force. 

rtlfloial mairnets. — It has been already explained, 
soft iron is almost, if not altogether, divested of coercive 
hat a bar of this substance is converted into a magnet 
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instantaneously when the pole of a magnet is presented to it; but 
the absence of coercive force, which renders this conversion so 
prompt, is equally efficacious in depriving the bar of its magnetism 
the moment the magnet which produces tiiis magnetism is removed. 
Sofl iron, therefore, b inapplicable when the object b to prodace 
permanent magnetism. The material best suited for this purpose 
is steel, especially that which has a fine gnun, a uniform structure^ 
and is free from flaws. It b necessary that it should have a cer- 
tain degree of hardness, and that thb should be uniform through 
its entire mass. If the hardness be too great, it b difficult to im- 
part to it the magnetic virtue ; if not great enough, it loses its 
magnetism for want of sufficient coercive force. To render steel 
bars best fitted for artificial magnets, it has been found advan- 
tageous to confer upon them in the first instance the highest degree 
of temper, and thus to render them as hard and brittle as glass, 
and then to anneal them until they are brought to a straw or violet 
colour. 

581. Best fbrm for bar marneta. — The intensity of artificial 
magnets depends abo, to some extent, upon their form and magni- 
tude. It has been ascertained, that a bar magnet has the best 
proportion when its thickness b about one fourth and its length 
twenty times its breadth. 

^82. Bone alioe mairiiets. — These magnets are shaped as re- 
presented in^. 316. When magnets are con- 
structed in this form, the distance between the 
two poles ought not to be greater than the 
thickness of the bar of which the magnet con- 
sbts. The surface of the steel forming both 
bars, in horse shoe magnets, should be rendered 
as even and as well polished as possible. 

583. Tlie metboda of produeliic artUdal 
maflrnets by fMctloia commonly practised, are 
called the method of single touchy and the meAod 
of double touch, 

584. Metbod of alnffle touoli. — The bar 
a'b', Jig. 317., which is to be magnetised, is 
laid upon a block of wood l projecting at each 

end a couple of inches. 

Under the ends are placed the opposite poles A and b of two powerful 
magnets, so as to be in close contact with the bar to be magnetised. The 
influence of the pole a will be to attract the boreal fluid of the bar towards 
the end b', and to repel the austral fluid towards the end a' ; and the effort 
of the pole b will be similar, that is to say, to repel the boreal fluid towards 
the end b', and to attract the austral towards the end a'. It is evident, 
therefore, tiiat if the coercive force of the magnetism of the bar a' b' be not 
greater than the force of the magnets a and b, a decomposition will taks 
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ice bj simple contact, and the bar a' b' will be converted into a magnet, 
ving its austral pole at a' and its boreal pole at b' ; and, indeed, this will 




iccomplished even though the coercive force of the bar a' b' be consider- 
!, if it be left a sufficient length of time under the influence of the 
^ets a and b. 

at without waiting for this, its magnetisation may be accomplished 
lediately by the following process. Let two bar magnets a and b be 
ied in contact with the bar a' b' to be magnetised, near its middle point, 

without touching each other, and let them be inclined in opposite 
ctioDS to the bar a' b', at angles of about 30°, as represented in the 
re. Let the bar which is applied on the side b' have its austral pole, and 
b which is applied on the side a' its boreal pole, in contact with the bar 
' ; and to prevent the contact of the two bars a and 6, let a small piece of 
id, lead, copper, or other substance not susceptible of magnetism, be placed 
preen them. Taking the two bars a and 6, one in the right and the other 
he left hand, let them now be drawn in contrary directions, slowly and 
formly along the bar a' b', from its middle to its extremities, and being 
a raised from it, let them be again placed as before, near its middle point, 

drawn again uniformly and slowly to its extremities ; and let this 
sees be repeated until the bar a' b' has been magnetised, 
t is evident that the action of the two magnetic poles a and b will be to 
ompose the magnetic fluid of the bar a' b', and that in this they are 
d by the influence of the magnets a and b, which enfeeble, as has been 
ady shown, the coercive force. 

fhls method is applicable with advantage to magnetise, in the 
3t complete and regular manner, compass needles, and bars 
3se thickness does not exceed a quarter of an inch. 
185. Metbod of double touob. — When the bars exceed this 
skness, this method is insufficient, and the method of double 
eh is found more eflfectual. 

lie bars a and b, Jig. 318., are placed as before, inclined at an angle 
1 each other, contrary poles being presented downwards. A small 
;k of wood L is placed between them, so as to keep the poles at a fixed 
ance asunder, and they are maintained in their relative positions by 
ig attached to a block of wood. The bar a 6 to be magnetised is sup- 
«d at the ends as before, by the contrary poles of two bar magnets. The 
ined bars being placed at the centre of the bar a 6, they are moved to- 
ler first to one extremity 6, and then back along the length of the entire 
to the other extremity a. They are then again drawn over the bar to 6, 

so backwards and forwards continuously until the bar is magnetised. 

operation is always terminated when the bars have passed over that 
' oif the bar ab opposite to that upon which the motion commenced. 
18 if the operation commenced by moving the united bars ab from the 
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centre to die end &, H will be tenuinitted when they an mored from tht 
extremity a to the middle. 




Fig. Jit. 



586. tam9pUo9hte to 

By this method a greater quantity of magnetism is developed than 
in the former, but it should never be employed for magnetinng 
compass needles or bars intended for delicate experiments, nsce 
it almost always produces magnets with poles of unequal force, 
and frequently gives them consequent points (544.), espedsllj 
when the bars have considerable length. 

587. MAciMtlc Miturattoii. — Since the coercive force proper 
to each body resists the recomposition of the magnetic fluids, it 
follows that the quantity of magnetism which a bar or needle is 
capable of retaining permanently, will be proportional to thi» 
coercive force. If, by the continuance of the process of magne- 
tisation and the influence of very powerful magnets, a greater 
development of magnetism be produced than corresponds with the 
coercive force, the fluids will be recomposed by the mutual attrac- 
tion until the coercive force resists any further recomposition. 
The tendency of the magnetic fluids to unite being then in equili- 
brium with the coercive force, no further recomposition will take 
place, and the bar will retain its magnetism undiminished. When 
the bar is in this state, it is said to be magnetised to saturation. 

It has been generally supposed that when bars are surcharged 
with magnetism they lose their surplus and fall suddenly to the 
point of saturation, the recomposition of the fluids being in- 
stantaneous. M. Fouillet, however, has shown that this recom- 
position is gradual, and afler magnetisation there is even in some 
cases a reaction of the fluids, which is attended with an increase 
instead of a diminution of magnetism. He observes that it happens 
not unfrequently that the magnetism is not brought to permanent 
equilibrium with the coercive force for several months. 

588. &lmlt of maarnetlc force. — It must not be supposed 
that by the continuance of the processes of magnetisation which 
have been described above, an indefinite development of mag- 
netism can be produced. When the resistance produced by the 
coercive force to the decomposition of the fluids becomes equal to 
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the decomposing power of the magnetising bars, all farther increase 
of magnetism will cease. 

It is remarkable that if a bar which has been magnetised to 
saturation by magnets of a certain power be afterwards submitted 
(0 the process of magnetisation by magnets of inferior power, it 
¥ill lose the excess of its magnetism and fall to the point of satura- 
ion corresponding to the magnets of inferior power. 

589. iBflnenee of tbe temper of tbe bar on tbe eoerotve 
taree. — Let a bar of steel tempered at a bright red heat be 
naj^netised to saturation, and let its magnetic intensity be ascer- 
aioed by the yibration of a needle submitted to its attraction. 
l<et its temper be then brought by annealing to that of a straw 
»lour, and being again magnetised to saturation, let its magnetic 
ntensity be ascertained. In like manner, let its magnetic inten- 
Ities at each temper from the highest to the lowest be observed. 
[t will be found that the bars which have the highest temper have 
ihe greatest coercive force, and therefore admit of the greatest 
levelopment of magnetism ; but even at the lowest tempers they 
ire still, when magnetised to saturation, susceptible of a consider - 
ible magnetic force. 

Although highly tempered steel has this advantage of receiving 
nagnetism of great intensity, it is, on the other hand, subject to 
^e inconvenience of extreme brittleness, and consequent liability 
:o fracture. A slight reduction of temper causes but a small 
iiminution in its charge of magnetism, and renders it much less 
lable to fracture. 

590. affects of terrestrial maarnetisiii on bars. — It has 
3een already shown that the inductive power of terrestrial mag- 
letism is capable of developing magnetism in iron bars, and, under 
^rtain conditions, of either augmenting, diminishing, or even 
tbliterating tbe magnetic force of bars already magnetised. In 
he preservation of artificial magnets, therefore, this influence must 
le taken into account. 

According to what has been explained, it appears that if a 
lagnetic bar be placed in the direction of the dipping needle in 
[lis hemisphere, the earth*s magnetism will have a tendency to 
ttract the austral magnetism downwards, and to repel the boreal 
pwards. If, therefore» the austral pole of the bar be presented 
ownwards, this tendency will preserve or even augment the mag- 
etic intensity of the bar. But if the magnet be in the inverted 
osition, having the boreal pole downwards, opposite effects will 
nsue. The austral fluid being attracted downwards, and the 
toreal driven upwards, a recombination of the fluids will take 
»lace, which lyill be partial or complete according to the coercive 
brce of the bar. If the coercive force of the bar exceed the influ- 
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«f mmuiil im^nffiii ifce €&ct wiH be only to diminiifa 
iWnotsiH^ixiuantTctf'tkelaB-i bstif Bot, ike c&ctwiUbetfae 
reeanpOBixiB cf tke mignftic face lad the rpdartion of the btf 
to its utsnl Mase: btf if tW bar be sdH lieU m tlie stme poei- 
taoD, tbe optimed cfeet cf tbe ta umuiil MagBet will be i^ynto 
<kieaBipotte tbe atBisnl ii^rfiiM cf tbe bar, driria^ tbe nutnl 
fluid dwnvardf and repeffiaqr tbe boreal apvards, and dniB 
reimidaciBtg tbe aii^rfiiM of tbe bar vi& i c taa e d poiaiitj. 

he fnaartd are etni^ ban of eq^ial lengtb, tbej are laid 
parallel to eacb otber, tbeir cads eanefpoodiiig, but with poles 
rercned, to that tbe aosml pole of eacb diall be in juxtaposition 
witb tbe boreal pole of tbe odier, m» iq a ytttenle d in J^. 319. 

Al)ar«f soft Iraa, caBed tke loqpv or «nMftvc, it appfied as represented 

at K, ia eoatact witk tke two opposite poles 1 

A A and u\ and aMwA s t nsOar bar Mf in oootict 

and B, to as to matiplrte the ptnDdo- 

la tUt amngeoMiit theactioa of tbe 

poles ▲ and a' apoa the keeper k is to deoom- 
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^^ ^'9' pooe its magnfflM, dririi^ the aastnl 

tovardi a' and tbe boreal inid towards a. Jht boreal floid of k exff - 
cites a reciprocal atttactioii apoo the aartral laid «f a, and the anstnl 
fluid of K exerdtes a eorrespoodiiig attractioa apoo the bmval fluid of b'. 
like cffiBcts are prodaoed br the keeper k' at the opposite poles a' and b. 
la this maimer the de c omposition of the flnids ia the two bars ▲ b and a'b' 
is maintained br the action of the keepers a and ^f. 

If the magnet hare the horse shoe fonn, this object is obtained br a single 
keeper, as represented in^ 316. The keeper a is nsaallj formed with a 
roond edge, so as to tooch the magnet only in a line, and not in a soiftoe^ 
as it would do if its edge were flat. It resolts from experienee that a keeper 
kqit in contact in this manner for a certain length of time with a m^^ 
aogments the attractive force, and appears to feedj as it wcsc^Uia ntagwHiff' 



592. MBCBOtlam msLy be 
tloB. — Magnetic needles, suspended fired j, so as to obey tbe 
attraction of terrestrial magnetism, do not admit of being thns 
protected by keepers; but neither do they require it, for tbe 
austral pole of the needle being always directed towards tbe 
boreal pole of the earth, and tbe boreal pole of the needle towards 
the austral pole of the earth, the terrestrial magnet itself plays tbe 
part of the keeper, continually attracting each fluid towards its 
proper pole of the magnet, and thus maintaining its magnetic 
intensity. 

593. Compoimd mBgnotB. — C!ompound magnets are formed 
by the combination of several bar magnets of similar form and 
equal magnitude, laid one upon another, their corresponding poles 
being placed in juxtaposition. 
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tponndbom ahM magnet, inch a> thit npresented in Jig, 31$., li 
in like msnnor of msgnetiMd bars, inperpoaed on each other, and 
in fomi, their correnpoDding poles being placed in joxtapOBition. 
in, vrhetber atrugbt or ia the borae sboe form, are separately nug- 
wfore being combined bj the methods already explained. 
' can of tbe horn shoe magnet a, ring is attached lo the keeper, and 
to tbe top of the baree gboe,^. 316., eo that the magnet behig sue- 
Iroin a fixed point, weigbta may be attached to tbe keeper tending 10 
" * m the magnet. In this m; horse shoe magnets often sopport 
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Mund magnets are sometimes constructed in the form of 
; bars : such an apparatus, consisting of twelve bars disposed 
J layers of four bars each, is shown in^. 310. 



<lal force of aacb 



Jng compound magnets each component bar Is separately tempered 
letised, the irbole being afterwarda combined by screws or bolta. 

mbination is alwajrs less than the aum of ths 
a, owing (0 tbe mutual action of tbe magnets 
otber. This effect is, to soma extent, mitigated by making tbe 
us somawbat sborter than the central ones. 
A natural magnet, mounted so as to develop its power by 
the effect of induction, is shown in^. 
32 1. A, B represent the portions uf 

soft iron, which adhere to it by virtue 
of the magnetic force. By the effect 
of these, the magnetism is augmented, 
fur the magnetism developed in b 
and p decomposes by its reaction an 
increased quantity of magnetism in a, 
B, which again reacting on a, b, pro- 
duces a further development of mag- 

S" II netic power, and so on. The keeper 

bjI'^Mr o being of soft iron, increases this 
^ fc ^^Hk reciprocal action. 

59J. MBBuetlaea traoingB on tt 
■Mel plate. — If the pole of a m^- 
C be applied to a plate of steel of 
about one tenth of an inch thick and 
of any superficial magnitude, such as 
a square. foot, and be moved slowly 
upon it, tracing any proposed figure. 
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the line traced upon the steel plate will be rendered magnetic, as 
will be indicated by sprinkling steel filings upon the plate. They 
will adhere to those points over which the magnet has been passed, 
and will assume the form of the figure traced upon the plaie. 

596. The laflnenee of beat upon mAffnetlmi, which was 
noticed at a very early period in the progress of magnetic dis- 
covery, has lately been the subject of a series of experimental 
researches by M. Kupffer, from which it appears that a niagnetic 
bar when raised to a red heat does not lose its magnetism suddenly 
at that temperature, but parts with it by slow degrees as its tem- 
perature b raised. This curious fact was ascertained by testing 
the magnetism of the bar, by the means explained in (569.), at 
different temperatures, when it was found that at different degrees 
of heat it produced different rates of oscillation of the test needle. 

It was also ascertained that, in order to deprive a magnetic bar 
of all its magnetism when raised to a given temperature, a certain 
length of time was necessary. Thus a magnetic bar plunged in 
boiling water, and retained there for ten minutes, lost only a por- 
tion of its magnetism, and after being withdrawn and again 
plunged in the water for some length of time, it lost an additional 
portion of its attractive force; and by continuing in the same 
manner its immersion for the same interval, its magnetic force was 
gradually diminished, a part still, however, renudning after seven 
or eight such inunersions. 

A magnetic bai*, when raised to a red heat, not only loses its 
magnetism, but it becomes as incapable of receiving magnetism 
from any of the usual processes of magnetisation, as would be anj 
substance the most incapable of magnetism. 

597. Astatic needle. — All magnets freely suspended being 
subject to the influence of terrestrial magnetism, the effects pro« 
duced upon them by other causes are necessarily compoimded 
with those of the earth. Thus, if a magnetic needle be exposed 
to the influence of any physical agent, which, acting independently 
upon it, would cause its north pole to be directed to the east, the 
pole, being at the same time affected by the magnetism of the 
earth, which acting alone upon it would cause it to be directed to the 
north, will take the intermediate direction of the north-east. When, 
in such cases, the exact effect of the earth's magnetism on the 
direction of the needle is known, and the compound effect is ob- 
served, the effect of the physical agent by which the needle is 
disturbed may generally be eliminated and ascertained. It is, 
nevertheless, often necessary to submit a magnetic needle to 
experiments, which require that it should be rendered independent 
of the directive influence of the earth's magnetism, and expedients 
have accordingly been invented for accomplishing this. A needle 
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rhich is not affected by the earth's magnetism is called an astatic 
eedle. 

A magnetic needle freely suspended over a fixed bar magnet 
rill have a tendency, as already explained, to take such a position 
hat its magnetic axis shall be parallel to that of the fixed magnet, 
he poles being reversed. Now if the fixed magnet be placed 
rith its magnetic axis coinciding with the magnetic meridian, the 
loles being reversed with relation to those of the earth, its direc* 
ive influence on the needle will be exactly contrary to that of the 
arth. While the earth has a tendency to turn the austral pole 
»f the needle to the north, the magnet has a tendency to turn it 
o the south. If these tendencies be exactly equal, the needle 
rill totally lose its polarity, and will rest indifferently in any 
lirection in which it may be placed. 

As the influence of the bar magnet on the needle increases as 
ts distance from it is diminished, and vice versa, it is evident that 
t may always be placed at such a distance from it, that its direc- 
ive force shall be exactly equal to that of the earth. In this case, 
he needle will be rendered astatic. 

A needle may also be rendered astatic by connecting with it a 
lecond needle, having its magnetic axis parallel and its poles re- 
versed, both needles having equal magnetic forces. The com- 
)ound needle thus formed being freely suspended, the directive 
)ower of the earth on the one will be equal and contrary to its 
lirective power on the other, and it will consequently rest indefi- 
iitely in any direction. 

It is in general, however, almost impracticable to ensure the 
xact equality of the magnetism of two needles thus combined, 
f one exceed the other, as is generally the case, the compound 
rill obey a feeble directive force equal to the difference of their 
lagnetism. 

598. Tbe law of maflrnetlo attraotton and repulsion is the 
ame as that of gravitation ; that is, these forces increase in the 
ame proportion as the square of the distance of the centre of 
ttraction or repulsion diminishes. This has been established by 
xperiments of two kinds, one of which is made upon the principle 
f the pendulum, and the other by an instrument invented by 
/oulomb, called the balance of torsion, which was applied with 
;reat success to the measurement of various other physical forces. 

To determine the law of magnetic attraction by the principle 
»f the pendulum, a magnetised needle properly suspended is first 
»ut in a state of oscillation subject only to the earth's magnetism^ 
Ad the rate of its oscillation is observed. It is then submitted to 
he combined effects of the attraction of a magnet and that of the 
arth, and the rate of its. vibration is again observed, from which 
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tbe sum of 13k force* of the magnet and tlie earth i* deduced, 
The magnetic force of the earth, being computed from the fint 
observation, is then lubtracted from the sum of the roagnetk 
force* of tbe earth, and the magnet deduced irom the teaoai 
observation, the remainder being the force exerted bjthe magnet, 
Thia experiment being repeated in placing the magnet at ^Sboit 
diatances from the nwdle, it is fonnd tliat its force, wfaedier il- 
tractive or repnlsive, Tariea inveneljas the square <^ tbe diitancb 
599. ^e 1)al*no« of toraloii at applied to tbe measDremeotiif 
magnetic forcea consiata of a cage of gW,j^. 522^ having acover 




which can be removed at will, in which two holes are made ; one 
near the edge, in which is inserted the magnetic bar r o submitted 
to eiperiment ; and the other in the centre, in which is inswIoJ • 
glass tube, through which an extremely fine silver wire passe*, K 



INDUCTION OF EARTH. 335 

er end of which is suspended a magnetic needle A b : this 
?ire is rolled upon a horizontal pin at the top, which is 
by a screw having a milled head, so that by rolling or un« 
the wire the needle a b may be raised or lowered. 

rrangement at the top of the glass tube by which the wire is bus- 
consists of two pieces, one of which d turns in a hole made in the 
f the other e. The piece d is attached to the cylindrical piece 
which the wire passes, and by turning it round its centre the wire 
Qg the needle ab is also turned. The head of the piece s is gra- 
and that of d carries upon it an index mark, which being brought 
ero of the division on b, will afterwards show the angle through 
le piece d and the wire with it are turned. 

et us suppose that the austral pole of the magnet o is brought down 
'aduated circle upon the base of the instrument, and that the austral 
' the suspended needle is brought near to it. The pole of the magnet 

I repel that of the needle, and the wire by which the needle is sus* 
nrill suffer a torsion or twist in the direction in which the needle 
iVhen the tendency of the wire to untwist itself shall be equal to the 
) force exerted by o upon a, the needle will rest. By turning the 
he needle may then be moved, so that the pole A shall be brought 
iquired distance from o, and the force of torsion of the wire will be 
the force of magnetic repulsion between o and a. But the force of 
s always proportional to the angle of torsion ; that is, the angle 
which the head d has been turned from that position in which the 
»on it coincided with the zero of the scale upon s. This angle can, 
, be read off, and the intensity of the repulsion corresponding to the 
between o and a can be thus found. 

same manner the intensity of the repulsion at any other distance, 
ir less between o and a, can be determined, and it will accordingly 
that these intensities will be inversely as the square of the distance 
o and A. 

iplify the explanation, we have omitted here the consideration of the 
) of the magnetism of the earth upon the needle. This, however, is 
itermined previously to the action of the magnet fo. Supposing 
^net to be raised so as to leave the pole A under no other influence 
.t of the earth, the amount of torsion necessary to retain the pole a 
in position against the magnetism of the earth can be ascertained in 
iner explained above. The magnet f o being then lowered, the 
oecessary to retain the pole a in the same position can be deter- 
nd this latter torsion is that which will equilibrate with the repul- 
veen o and A. 

Tbe indnotlTe force of tbe earth, considered as a mag- 

II decompose the natural magnetism of all bodies which 
ot sufficient coercive force to resist its influence. Such 
when placed in the northern hemisphere, will be so affected 
3 austral fluid will be attracted towards the boreal pole of 
th, that is, in the direction of the lower pole of the dipping 

and the boreal fluid will be repulsed towards its upper 
All such bodies, therefore, will be rendered temporarily 
ic, and will acquire a polarity corresponding in its direction 
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to tliat of the dipping needle. If their coercive force be 8u& 
ciently feeble, and their force be favourable to the development 
of the magnetic effects, these effects can be rendered manifest bj 
presenting a compass needle to different parts of the body 80 
affected. If it be presented to the part corresponding with the 
lower pole of the dipping needle in the northern hemisphere, the 
austral pole of the compass needle will be attracted and the boreal 
repelled ; and if it be presented to the region corresponding with 
the upper pole of the dipping needle, effects the reverse of these 
will be produced. 

60 1. Zzperlmental Illustration. — Let a rod of soft iron be 
suspended vertically at any part of the earth where the dip is nearly 
90°, and it will be found that the bar will be rendered magnetic, the 
lower end having the properties of an austral, and the upper end of a 
boreal pole, as may be rendered manifest by presenting a magnetic 
needle, freely suspended, to the one and the other, and the direction 
of which will be immediately affected in accordance with the pro- 
perties of these poles respectively. 

That the polarity of the bar is not proper to it, but merely in- 
duced upon it by the magnetism of the earth, may be demonstrated 
by placing the bar first at right angles to the magnetic meridian, 
so that both ends of it shall be similarly affected, when all mag- 
netism will disappear, and the test needle, when presented to it, 
will suffer no change of direction. But if its primitive position 
be reversed, the end which was downwards and had austral po- 
larity being presented upwards, it will be found not only to have 
lost the austral, but to have acquired boreal polarity ; while the 
lower end previously turned upwards, which possessed boreal 
polarity, will now have the properties of austral polarity. 

602. Thus it appears that all bodies having so feeble a coercive 
force as to allow of any degree of decomposition of their natural 
magnetism, will, in the northern hemisphere, acquire a polarity 
in the direction of the dipping needle, the austral pole being 
directed obliquely downwards ; and in the southern hemisphere, 
the boreal pole being similarly directed, and the obliquity of such 
polarity following the direction of the dipping needle, will decrease, 
as the place of observation is nearer to the magnetic equator, the 
line upon which the dipping needle is horizontal. 

603. Tbe temporary maffnetlsiii becomes permanent 
under the influence of a great variety of effects, mechanical, phy- 
sical, and chemical, which have a tendency to augment the co- 
ercive force of the body while it possesses magnetic polarity. 
Thus if a bar of soft iron when suspended vertically, as described 
above, and therefore rendered magnetic by the earth, be submitted 
to percussion or hammering at either end, it will acquire a certain 



COMPENSATORS 337 

3erciye force which will resist the recomposition of the magnetic 
aids, and the bar will accordingly retain a certain degree of its 
Dlarity after it has been removed from the vertical position. 

In like manner, if a bundle of straight pieces of soft iron wire, 
in or twelve inches in length, being suspended vertically, and 
lerefore rendered magnetic, be twisted so as to form a sort of 
ire rope, the whole mass will retain its polarity when removed 
•om the vertical position, the torsion conferring upon it a coercive 
>rce sufficient to resist the recomposition of the fluids. 

In the same manner various chemical effects, such as oxidation, 
lermal changes, and other physical incidents, are capable of so 
Secting the coercive force as to cause the temporary magnetism 
roduced by terrestrial induction to become permanent. 

604. These circumstances explain various effects which are well 
nown, such as the magnetisation of iron tools and implements 
uspended in workshops ; and to the same cause may most pro- 
tably be ascribed the production of natural magnets. The sub- 
tances of which these are composed, at former epochs in the 
listory of the earth were probably in such a state of aggregation 
8 to deprive them of so much of their coercive force, that the 
arth conferred upon them temporary magnetism, which at a 
K>sterior epoch was rendered permanent by a change in their 
ggregation, which increased the coercive force. 

605. Compensators for slilps' compasses are expedients by 
rhich the errors of the compass needle produced by the attractions 
ind repulsions of such magnetic substances as may be contained in 
he vessel are neutralised or corrected. 

The errors of the compass needle must proceed from one or 
aore of three causes : — 

I**. From the inductive influence of the needle itself upon 
K)dies composed of iron around it, and the reciprocal action of 
he bodies thus magnetised by induction upon the needle. This 
lause of disturbance, which can never be very intense, can always 
>e neutralised by removing all substances susceptible of magnetism 
such a distance from the compass needle as to render the effects 
f such induction insensible. 

2°. The needle may be disturbed by the permanent magnetism 
f masses of iron, which either enter into the construction of the 
essel, or form part of its armament or cargo. This cause of dis- 
urbance being permanent in its character, so long as the structure 
f the vessel, its armament, and cargo remain unchanged, can, 
rhen once detected, be always allowed for, so that the error of the 
ompass may be corrected. 

If the influence of terrestrial magnetism upon the vessel be 
upposed to cease or to be neutralised, the compass needle would 
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be affected by no other influence than that of the magnetism of the 
vessel and its contents ; and in obedience to that influence, it 
would assume a certain determinate direction, making a definite 
angle with the keel of the vessel ; and it would retain this position 
relatively to the keel, however the direction of the keel itself might 
be changed. Thus, if the vessel were made to revolve horizontally 
round a vertical line through its centre, the compass needle would 
revolve with it without sufiering any change of direction relatively 
to the keel. 

Now let us suppose the vessel to have that position in which the 
direction given to the needle by the magnetism of the vessel shall 
coincide with the magnetic meridian. In that case, since the 
magnetism of the vessel and the magnetism of the earth give the 
needle the same direction, there will be no deviation. But if the 
vessel be then made to revolve horizontally round its centre, the 
line of direction of its magnetic influence will revolve, making a 
constantly varying angle with the magnetic meridian. The mag- 
netism of the vessel would therefore cause the needle to deviate 
from the magnetic meridian, through a gradually increasing angle, 
on that side towards which the line of direction of the influence of 
the vessel turns. This deviation would increase to a certain limit; 
after which it would again decrease, and the needle would retmn 
to the magnetic meridian, when the vessel would have made half a 
revolution, after which it would deviate to the other side of the 
magnetic meridian, would attain a certain limit, after which it 
would again return in the other direction, and again coincide with 
the magnetic meridian, when the vessel would have completed its 
revolution. 

If, therefore, the vessel be thus made to revolve horizontally 
round its centre, and the arc through which the needle oscillates 
on the one side and the other be observed, the line which bisects 
this arc will be the direction which would be given to the com- 
pass needle by the magnetism of the vessel acting upon it, inde- 
pendently of the magnetism of the earth ; and this deviation being 
known, the correction necessary for the magnetism of the vessel 
would be obtained, since the line of direction of the magnetic 
meridian will in all cases be that of the bisecting line. 

606. 8arlow*s oompensator. — 3^. The third and most diffi- 
cult cause of error of ships* compasses is due to the temporary 
magnetism impressed upon the masses of iron contained in the 
vessel by the inductive action of the earth. This is the more 
difficult to determine and correct, inasmuch as its effects are not 
only much greater than those proceeding from the other causes, 
but' are subject to incessant variation, according to the position 
irlijch the vessel assumes with relation to the direction of the 



COMPENSATORS. 339 

iarth*s magnetism. When the vessel is made to turn as above 
lescribed, horizontally, round its centre, the bodies it contains, 
▼hich are susceptible of magnetism, suffer a varying action, ac- 
cording to the various positions they assume relatively to the 
lirection of the earth*s magnetism. But in making one complete 
revolution, they assume every possible variety of position, and 
receive from the earth*8 magnetism every possible variety of 
3fiect. 

Let OB suppose, then, the vessel placed within a few hundred yards of the 
ihorei and two observers to be stationed one at the compass in the vessel, and 
the other with a compass on the shore, being provided with instruments by 
t?hich the relative directions of the two needles to those of the line joining 
the two observers can be accurately observed. Now if the magnetism of the 
vessel exerted no disturbing action the direction of the two needles would be 
parallel, since the direction of the earth's magnetism will be sensibly the 
same at two places so near each other. But it will be found, on the con- 
knury, that the needle on the vessel will deviate from parallelism with the 
needle on the shore by a certain angle, and this angle can be measured by 
the combined observations at the two stations, and when measured the error 
or deviation of the needle in that particular position of the vessel will be 
known. The direction of the keel of the vessel being then changed, the 
deviation corresponding to its new position will be found in the same man- 
ner; and the vessel being thus gradually made to revolve round its centre, 
the deviation of the needle from the magnetic meridian corresponding to the 
direction of the keel at each observation will be determined, and its devia- 
tions for all intermediate directions may be computed by the method of 
interpolation. 

This being done, the ship's compass is brought on shore and placed upon 
a wooden pillar, capable of being turned round its vertical axis. In the side 
of this pillar a number of holes placed vertically one under another are made, 
into which a copper rod can be inserted, canying at it^ extremity two 
circular discs of iroQ, about a foot in diameter, and having such a thickness 
as would weigh 3 lbs. per square foot. These plates of iron will produce a 
disturbing effect upon the compass needle at the top of the wooden pillar, 
similar in kind to that produced by the vessel; and this disturbance may 
be made to vary in degree by transferring the copper rod, carrying the iron 
discs fVom hole to hole in the wooden pillar, so as to vary its distance from the 
compass needle By a series of trials such a position may be given to it 
that, when the wooden pillar is made to turn through one complete revolution, 
the compass needle shall make precisely the same series of deviations as that 
which it makes upon the deck during one complete revolution of the vessel. 

Now let us suppose that the compass thus supported with the iron discs, 
adjusted as here stated, is transported on board the vessel, it is evident that 
the disturbing effect which produces the deviation of the needle will be 
loubled, since the needle is at once affected by the induced magnetism of the 
iressel, and by that of the iron discs. To determine, therefore, the deviation 
of the needle at any moment, it is only necessary to observe its direction, first, 
vvhiBn the copper rod with the discs is inserted in the pillar ; and, secondly, 
(vhen it is not so inserted. The difference between the two directions will 
then be the amount of the deviation. 

z 1 
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CHAPTER L 

THEORY OF UNPULATIOHS. 

607. A TAst maAi of dlscorerles produced by the labour of 
modem inquirers in several branches of physics, and more espe- 
cially in those where the phenomena of sound, heat, light, and the 
other imponderable agents are investigated, have conferred upon 
the physical theory of undulations much interest and importance. 

608. imdnlatioBS In ireseral. — When a mass of matter, 
whatever be its form or conditions, being in a state of stable 
equilibrium, is disturbed, either collectively or in the internal 
arrangement of its constituent parts, by any external force which 
operates upon it for a moment, it will have a tendency to return 
to the state from which it was disturbed, and will so return, pro- 
vided the disturbing force have not permanently deranged its struc- 
ture. After it has returned to the position of equilibrium, it will 
have a tendency, by reason of its inertia, to depart from such 
position again, and to make an excursion in a contrary direction, 
and so continually to pass on the one side and the other of this 
position, with an alternate motion more or less rapid, untili at 
length, by the resistance of the medium in which it is placed, and 
other causes, it is gradually brought to rest, and settles finally in 
its previous position of stable equilibrium. 

Alternate motions, thus produced and continued, are variously 
expressed by the terms vibrations^ oscillations^ waves, or undtdaiiont, 
according to the state and form of the body in which they take 
place, and to the character of the motions. 

One of the most familiar and generally known examples of this 
class of motion has already been noticed in the case of the pen- 
dulum. There the oscillation is produced by the alternate dis- 
placement of the entire mass of the body, which partakes in the 
common motion of vibration. 

609. Vormatlon of a wave. — It does not always folloflr, 
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However, that the particles of the vibrating body thus share in a 
common motion. If an elastic string be extended between two 
fixed points, and be drawn laterally from its position of rest by a 
£orce applied at its middle point, it will return to that position of 
rest and pass beyond it, and will thus alternately oscillate on the 
one side and on the other of such a position. In this case the 
oscillatory motion bears a close analogy to that of the pendulum, 
as will be more fully noticed hereafter. 

Let A By Jig, 323., be a flexible cord attached to a fixed point at 
B, and held by the hand at a. If this cord be jerked smartly once 
or twice up and down by the hand at a, it will immediately change 
its form, and an apparent movement will be produced, passing 
from the end a towards the end b, similar to that of waves upon 
water. The first effect of the motion will be to cause the cord 
to assume the curved form a s o, rising above the position of equi- 
librium. This will be succeeded by a corresponding curved form 
o s' p, depressed to the same extent below the position of equili- 
brium. If the cord be jerked but once, then the point o will 
appear to advance towards b, the elevation a s o following it, and 
the depression of o s^ p preceding it, so that the appearances pro- 
duced successively will be those represented in Jigs. 323, 324, 

32S» 326. 

The curve A s o s^ p is called a tt>ave. 

The point a s o, which rbes above the position of equilibrium, 
is called the elevation of the wave, s being the summit or point of 
greatest elevation. 

The curve o s' p is called the depression of the tvave^ the point 
8^ being that of greatest depression. 

The distance s q of the highest point above the position of equi- 
librium is called the height of the wave ; and in like manner the 
distance s' q! of the lowest point of the depression below the posi- 
tion of equilibrium is called the depth of the toave. 

The distance A p between the beginning of the elevation and the 
end of the depression is called the length of the wave; the distance 
A o the length of the elevation, and o p that of the depression. 

It is found that such a wave, on arriving at the extremity b, as 
represented in^^. 326., will return from b to a, as represented in 
^'* 3^7* 328, 329, 330., in the same manner exactly as it had 
advanced from a to b. 

Having thus returned to a, it will begin another movement 
towards b, and so proceed and return as before. 

6 10. mraves provreaalTe and atatlonarj. —* A wave which 
thus moves in some certain direction, is called a progressive 
undtdation. 

Let a cord be extonded between two fixed points, a and b, 

« 3 _ 
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fig. 331., and let it be divided into any number of equal parts, 
three for example, at c and d. Let the points c and d be tern- 
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porarily fixed, and let the three parts of the cord be drawn from 

their position of rest in con- 
trary directions, so that the 
cord will assume the undu- 
lating form represented in the 
figure. If the parts of the 




Fig. III. 



cord be simultaneously discharged, each part will vibrate between 
the fixed points c and d, the adjacent vibrations being always in 
contrary directions. 

Now let the points c and d be liberated. No change will then 
take place in the vibratory motion of the cord, and it will there- 
fore alternately throw itself into the positions represented in the 
^gVLTQ by the continuous Utve and the dotted line. But as it cod- 
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inues to vibrate, the parts c and d, although free, will be 
tationary, and waves will be formed, whose elevation and de- 
>ression will be alternately above and below the lines joining the 
>oints A, c, D, and b. 

Such an undulation not having any progressive motion, is ac- 
cordingly called a stationary undtUation. 

The points c and d of the wave, which never change their 
position, are called nodal points. 

This species of undulation may be considered to be produced by 
the alternate elevation and depression of the several parts of the 
cord above and below its position of equilibrium. 

As the circumstances attending, and the laws which govern, the 
vibrations or undulations of bodies vary with the state in which 
they are found, according as they are solid, liquid, or gaseous, it 
will be convenient to consider such effects as exhibited in these 
states severally. 

611. Vibratioiui of oords and membranes. — Solid bodies 
exhibit the phenomena of vibration in various forms and degrees, 
according to their figure and to the degree of their elasticity. 
Cords and wires have their elasticity developed by tension. The 
same may be said of bodies which have considerable superficial 
extent with little thickness, such as thin membranes like paper or 
Parchment. When these are stretched tight and struck, they will 
dbrate on the one side and on the other of their position of equi- 
ibrium, in the same manner as a stretched cord. 

Elastic substances, whatever be their form, are susceptible of 
ibration, the manner and degree of this varying in an infinite 
'ariety of ways, according to the form of the body, and to the 
nanner in which the force disturbing this form and producing the 
ibration is applied. 

612. Apparatus of Angrnst. — Those solids whose breadth or 

thickness is very small in proportion to their length, 
such as thin rods, cords, or wires, are susceptible of 
three kinds of vibration, which have been deno- 
minated the transverse, the longitudinal, and the 
torsional. 

An apparatus to exhibit these effects experi- 
mentally, contrived by Professor August, is repre- 
sented in Jig. 332. This apparatus consists of a 
piece of brass wire formed into a spiral, one end of 
which is attached to a frame from which it is sus- 
pended, and the other end supports a weight by 
which it is strained. The transverse vibrations are 
p. ^ produced by fixing the lower end of the wire by 
means of the movable clamp represented in the 

Z4 ^ 
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figure. The wire is then drawn aside from its position of equi- 
librium and suddenly let go, after which it vibrates on the one 
side and on the other of this position. 

To show the longitudinal vibrations, the weight suspended from 
the wire is drawn downwards by the hand, the wire yielding in 
consequence of its spiral form. When the weight is disengaged, 
the wire draws it up, the spiral elasticity being greater than the 
weight. The weight, however, rises in this case above the position 
of equilibrium, then falling returns to it ; but in consequence of 
its inertia descends below it, and thus alternately rises above and 
falls below this position, until at length it comes to rest. 

The torsional vibrations are shown by turning the weight round 
its vertical diameter. When so turned and let go, it will turn 
back again until it attains its position of equilibrium; but by 
reason of its inertia it will continue to turn beyond that position 
until stopped by the resistance of the wire, when it will return, 
and thus alternately twist round in the one direction and in the 
other, until it comes to rest. 

613. Blastlo strlnffs. — Of the various forms of solid bodies 
susceptible of vibration, that which is attended with the greatest 
interest and importance is an extended cord ; inasmuch as it not 
only produces the phenomena in such a manner and form as to 
render the laws which govern them more easily ascertained, but 
also constitutes the principle of an extensive class of musical in- 
struments, and is therefore of high importance in the theory of 
musical sounds. 




Let A B,^. 333., l>e such an extended string. If it be drawn 
aside at its middle point c from its position of equilibrium, so as 
to be bent into the form a d b, and then disengaged, it will in 
virtue of its elasticity return to the position A c n ; the point p 
approaching c with an accelerated motion, exactly in the same 
manner as the ball of a pendulum approaches the centre point of 
its vibration. Having arrived at the position A c b, the string in 
consequence of its inertia will be carried beyond that position, 
and will arrive at a position ad^b on the other side of acb, 
nearly at the same distance as A d n was. The motion of the 
middle point c from c to d' is gradually retarded, until it entirely 
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ceases at d^ precisely similar to the motion of the ball of a pen- 
dulum in ascending from the middle point to the extreme limit of 
its vibration. All these observations will be equally applicable to 
any other point of the string, such as c, which oscillates in like 
manner between the points d and d\ All the circumstances 
which were explained in the case of the pendulum, and which 
showed that the oscillations, whether made through longer or 
shorter arcs, were made in the same time, are equally applicable 
to this case of a vibrating string. Thus, the force which impels 
any point, such as d, towards the line a b, increases as the distance 
of D from the line a b increases. Therefore, the greater the 
extent of the excursion which the string has to make, the greater 
in proportion will be the force which will impel it; and con- 
sequently, the time of vibration will be the same, although the 
amplitude of the vibrations be greater. It is, therefore, the 
general property of all extended strings, when put in vibration, 
that they will oscillate on either side of their position of rest in 
equal times, whether the amplitude of the vibrations is great or 
small. It follows from this, that the time of oscillation will be 
the same during the continuance of the vibration of the same 
string, although the amplitude of the oscillations it performs be 
continually diminished. 

These observations, with the necessary qualifications, are appli- 
cable to all vibrating bodies. In all cases, the force tending to 
bring them back to the position of equilibrium is great, in pro- 
portion to the extent of their departure from it ; and, consequently, 
the time of oscillating on either side of their position of equilibrium 
vill be the same, although the amplitude of each oscillation is 
rariable. 

614. Tlieir laws. — The following laws which govern the 

iribration of strings have been demonstrated by theory and verified 

by experiment. 

Let N expreM the number of vibrations per second which the string makes. 

Let L express tiie lenf^tb of the string. 

Let s express the force with which the string is stretched. 

Let J> express the diameter of the string. 

I. The number n will be Invereely proporttonal to l» otber 
UilBire beinr the eame* -— That is to say, the number of vibra- 
tions made by a string per second will be increased in the same 
proportion as the length of the string is diminished, and vice versa^ 
the tension of the string and its thickness remaining the same. 

II. The number x ▼ariee In tbe proportion of the equare 
root of s» otber tblngre belny tbe eame. — That is to suy, the 
number of vibrations performed by a string per second will be 
increased in pro|K)rtion to the square root of the force which 
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stretches the string. If the string be extended by a fourfold 
force, the number of yibrations which it performs per second will 
be doubled ; if it be extended by a ninefold force, the number of 
yibrations it performs per second will be increased in a threefold 
proportion, and so on. 

III. The number of wShnMwam pe rf o rm ed per seoond is ia 
the Imrerse propertf en ef tbe diameter ef tlie etriBf, eUier 
tliiaffs beiac tbe same. — That is to say, if two strings composed, 
of the same material be stretched with the same force, one having 
double the diameter of the other, the latter will perform twice aa 
many vibrations per second as the former. 

The three preceding roles may be expressed in combination by the follow^ 
ing formula : — 

LD 

in which a is a nomber depending on the quality of the material of the string, 
and which will vary in the formula if two different strings be compared to- 
gether. 
It follows, fix>m this formula, that 

N L D 
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The constant number a, therefore, is found by dividing the product of the 
numbers expressing the vibrations per second, the leng^ oi the string, and 
its thickness by the square root oi that which expresses the force by which 
the string is extended. 

The manner in which the preceding laws may be verified by experiiDent 
will be explained hereafter. 

The constant number a will depend upon the physical properties of the 
material of which the string is composed. It will, therefore, be the same ftr 
all strings of the same material and structure, but will differ when strings of 
p different material or different structure are composed together. 

615. Blastlo plate. — If an elastic rod, being fixed at one end 
and free at the other (Jig, 334.)) be drawn aside from its positior 
of equilibrium and let go, it will pass into a state of vibration, an 
its vibrations will be isochronous, for the reasons which have bef 
explained in a general manner. With rods of the same mater 
and structure the rate of vibration will depend on the length $ 
thickness, but will be independent of the breadth. 

With the same length the number of vibrations per second 
be proportional to the thickness. 

With the same thickness the number will be inversely as 
square of the length. 

Chaldni verified these laws by experiments made on thin 
More recently, however, M. Baudrimont showed, by experi' 
made on plates of glass, zinc, copper, rock crystal, and woo(' 
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the results, ceued to be in ac- 
cordance with the law in certain 
cases, especially when the thicknesB 
exceeds 4 or 5 twelfUis of an inch. 
It must also be undergti>od that 
these laws are only applicable so 
long as there ore no nodal pointa. 
616. BiMtle wiTM.— The vi- 
bratJOQs produced by elastic wires 
fixed at one end are not, tike the 
vibrations of a common pendulum, 
generally made in the same plane ; 
ii\ other words, the free extremity 
of the wire does not describe a 
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positions. It appears to be im- 
pressed with, at tlie same time, two 
vibratory motions in planes 'at right 
angles to each other. Mid moves in 
a curve produced by the cumpo' 
sition of these motions. These 
effects are rendered experimentally 
ler, by the following expedient. Let 
elastic steel wires, knitting needles, for example, be fixed at 
I in a vice or in a board, and let small balls of polished steel, 
of reflecting light intensely, be attached to the vibrating 
Each of these small polished balls will reflect to the eye a 
t point, and when they are set in motion this brilliant point 
iduce a continued line of light, in the same manner and 
le same principle on which the end of a lighted stick made 
to revolve appears one continued circle of ligbt." Now, 
he needles are put into a state of vibration, the brilliant 
rill appear to describe a complicated curve, exhibited to the 
an unVffoken line of light reflected from the polished ball. 
Moftal polntB. — Elastic rods are susceptible of the sta- 
undulations already described, as well as strings. The 
«ints in the one and the other can be ascertiuned experi- 
y by placing the vibrating string or wire in a horizontal 
, and suspending upon it light rings of paper. They wilt 
ivn off so long as they rest upon any part of the string or 
cept the node ; but when they come to a node, they will 
there unmoved, although the vibration of the string or 
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experiment may be easily performed upon a 
• Optics (373.). 
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in a horizontal position. If such a string be taken between the 
fingers at two points, each distant by one fourth of its length from 
the two extremities, and being drawn aside in opposite directions, 
be disengaged, it will vibrate with a stationary undulation, the 
nodal point being in the centre, and each half of the string yibrat- 
ing independently of the other. If a light paper ring be suspended 
on such a string at the middle point, it will remain unmoved ; but 
if drawn aside from the middle point, it will be thrown off and 
agitated until it returns to that point, where it will again remain 
at rest. 

6 1 8. Wodal lines. — A solid, in the form of a thin elastic plate, 
made to vibrate, will also be susceptible of stationary undulations, 
and will have a regular series of nodal points. Such a plate may 
be considered as consisting of a series of rods or wires, placed in 
contact and connected together, and the series of their nodal pomts 

will form upon the plate a series of 
nodal lines. 

To render these nodal lines expe- 
rimentally apparent, it is only neces- 
sary to spread upofi the plate a thin 
coating of fine sand ; when the plate 
is put into vibration, the sand will 
be thrown from the vibrating points, 
and will collect upon the nodal Hnes, 
and affect an arrangement of which 
an example is given in^. 335. This 
will be more fully explained hereafter when we treat of soiaid, 

619. VndulatloB of liquida. — C^oular waves. — If a vessel 
containing a liquid remain at rest, the liquid being subject to no 
external disturbance, the surface will form a uniform level phme. 
Now, if a depression be made at any point of this surface hj 
dropping in a pebble, or by immersing the end of a rod, and sad- 
denly withdrawing it, a series of circular waves will immediatdy 
be formed round the point, as a centre, where such depression is 
made, and each such wave will expand in a progressively increasing 
circle, wave following wave until they encounter the boondiog 
sides of the vessel. 

620. Apparent proffressive motion of waves an lUnslon.*- 
In this phenomenon a curious deception is produced. When we 
perceive the waves thus apparently advancing, one following 
another, we are irresistibly impressed with the notion that the 
fluid itself is advancing in the same direction ; we consider that 
the same wave is composed of the same water, and that the entire 
surface of the liquid is in progressive motion. A little reflection, 
however, on the consequences of such a supposition will prove 
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Ihit It u nnfonQded. The ship whicli floats on the wares nf the 
tea is not carried forward with them ; thej pass beneath her in 
lifting her on their Bummits, and in letting her sink into the abyss 
between them. Observe a sea-fowl floating on the water, and the 
same effect will be seen. If, however, the water itself partook ol 
the motion of the waves, the ship anil the fowl would each be 
carried forward with a motion in common with the liquid. Once 
DD tbe summit of a wave, there thej would constantl j remtun ; or 
if once in the depression between two waves, they would like* 
wise continue there, one wave always preceding and the other 
following them. 

It is evident, therefore, that the impression produced, that the 
water is in progressive motion, is an illusion. But, it mny be 
aaked, to what then does the progressive motion belong F That 
luch a progressive motion does take place in something, we have 
proof from the evidence of eight ; and that no progressive motion 
takes place in the liquid we have still more unquestionable evi- 
ilence. To what, then, does the motion belong ? We answer, to 
the form of the surface, and not the liquid composing it. 
To render intelligible the manner in wliich the waves upon a 
liquid are produced, let abcd, _fig. 336., 
be a vessel containing a liquid whose surface 
when at rest is li.. Let us imagine a 
siphon HNO inserted in this vessel, tilled 
with water to the same level a^ the vesseL 
i; I I It is evident that the water included within 

ii -:l ,1 the siphon will hold (he same position pre- 

* '^ i^' ~~""l wisely aa the water of the vessel which the 
ria. jjo. siphon displaces. If we suppose a piston 

inserted in the leg m h to press down the 
water from the level i-l to the depth n', the water in the leg n o 
will rise to the height r,. If the piston be suddenly withdrawn, 
the water in the leg m n will again rise, and the water in the leg 
V o will fall, the surfaces n' and e will return to the common level 
LL, but they will not remfun there, for, in consequence of the 
inertia, the ascending motion of the column u and the descending 
motion of the column s will be continued, so that the surface s' 
will rise above i. n, and the surface e will fall below it, and having 
attained a certain limit, they will again return respectively to the 
level LI., and oscillate above and below it until, by friction and 
atmospheric resistance, they are brought to rest at the common 
level 1. 1- 

Now if we imagine the siphon to be withdrawn, so that the 
water which occupies its place may be affected by the same 
pressure at d', the same oscillation wiU take place ; but, at th^ 
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same time, the lateral pressure which is obstructed by the sides of 
the siphon will cause other oscillations, by the combination of 
which the phenomenon of a wave will be produced. 

Let A B c D, fig. 337., be an nndolation produced on the surface of a 
liquid. This undiUation will appear to hare a pn^resmve motion from a 
towards X. 
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Let us suppose that in the interval of one second the summit of the ware 
B is transferred to h'. Now let us consider with what motion the particles 
forming the surface of the water are affected during this interval 

The particle at b descends vertically to h, while the particle b' ascends 
vertically to h'. The several particles of the wave in the first position 
between b and c descend in the vertical lines represented by dotted lines in 
the figure to the several points of the surface between h and a At the same 
time, the several points of the surface of the wave in its first position between 
c and b' rise in vertical lines, and form the sur£Eu:e of the wave in its second 
position between c and h'. 

In like manner, the particles of the wave in the first position between b' 
and c' rise in vertical lines, and form the surface of the wave in its new 
positions between h' and c'. 

In the same manner, during the same interval the particles of Uqoid 
forming the surface b a descend in vertical lines and form the surface 6 a. 

1'hus it appears that in the interval of one second the particles of water 
forming the surface a b c fall in vertical lines, and those forming the sni&ce 
o b' c' rue in vertical lines, and at the end of a second the series of particles 
form the surface ahch' of. 

In this manner, in the interval of one second, not only the crest 
of the wave is transferred from b to h\ but all the parts which 
form its profile are transferred to corresponding points holding 
the same relative position to the new summit V, Thus we see 
that the form of the wave has a progressive motion, while the 
particles of water composing its surface have a vertical motion 
either upwards or downwards, as the case may be. 

621. Stationary waves. — Hence it appears that each of the 
particles composing the surface of a liquid is affected by an alter- 
nate vertical motion. This motion, however, not being simul- 
taneous but successive, an effect will be produced on the surface 
irlijch will be attended with the form of a wave, and such wave 
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vill be progressive. The alternate vertical motion by which the 
^articles of the liquid are affected will, however, sometimes take 
place Tuder such conditions as to produce, not a progressive, but 
a stationary undulation. This would be the case if all the par- 
ticles composing the surface were simultaneously moved upwards 
and downwards in the same direction, their spaces varying in 
magnitude according to their distance from a fixed point. 

To explain this, let us suppose the particles of the surface of a liquid 
^veen the point a e,Jig. 338., to be simultaneoosly moved in vertical lines 




pwards, the centre particle c being raised through a greater space than the 
>article8 contiguous to it on either side. The heights to which the other 
ncceeding particles are raised will be continually diminishing, so that at 
he end of a second the particles of liquid which, when at rest, formed the 
nrface a 6, will form the curved surface ab cde. 

In like manner, suppose the particles of the surface e » to be depressed in 
ertical lines, corresponding exactly with those through which the particles 
\ e were elevated. Then the particles which originally formed the surface 
% would form the curved surface efg h t, and they would become the de- 
»ression of a wave. Thus the elevation of the wave would hea b c de, and 
ts depression efg hu 

Having attained this form, the particles of the surface ab c de would fall 
n vertical lines to their primitive level, and having attained that point, 
vould descend below it; while the particles e,f,g,hf t, would rise to their 
)rimitive level, and having attained that position, would continue to rise 
ibove it. In fine, the particles which originally formed the surface of the 
mdulation a b cdefg h i would ultimately form the surface of b' c' d' e'f ^ h! i 
represented by the dotted line. 

Having attained this form, the particles would again return 
bo their primitive level, and would pass beyond it, and so on 
alternately. 

In this case, therefore, there would be an undulation, but not 
a progressive one. The nodal points would be e, i, 72, r, and these 
points during the undulation would not be moved ; they would 
aeither sink nor rise, the undulatory motion affecting only those 
between them. 

This phenomenon of a stationary undulation produced on the 
surface of a liquid may easily be explained, by two systems of 
progressive undulation meeting each other under certain con- 
ditions, and producing at the points we have here called nodal 
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points the phenomenon of interference, which we shall presently 
explain. 

Stationary undulations may be produced on a surface of liquid 
x^nfined in a straight channel by exciting a succession of waves, 
separated by equal intervals, moving against the end or side of 
the channel, and reflected from it. The reflected waves, combined 
with the direct waves, will produce the effect here described. 

It may also be produced by exciting waves in a circle from its 
central point. These waves being reflected from the circular sur- 
face, will produce another series, which, combined with the former 
would be attended with the effect of a stationary undulation. 

622. Beptb of waves. -— When a system of waves is produced 
upon the surface of a liquid by any disturbing force, a question 
arises to what depth in the liquid this disturbance of equilibrium 
extends. It is possible to suppose a stratum of the liquid at any 
supposed depth below which the vertical arrangement would not 
be continued. Such a stratum may be regarded as the bottom of 
the agitated part of the fluid. 

The Messrs. Weber, to whose experimental inquiries, in this 
department of physics, science is much indebted, have ascer- 
tained that the equilibrium of the liquid is not disturbed to a 
greater depth than about three hundred and fifty times the alti- 
tude of the wave. 

623. Sefleotioii of waves. — If a series of progressive waves 
impinge against any solid surface, they will be reflected, and 
will return along the surface of the fluid as if they emanated from 
a centre equally distant on the other side of the obstructing 
surface. 

To explain this, it is necessary to consider that when any part 
of a wave encounters the obstructing surface, its progress is re- 
tarded, and the particles composing it will oscillate vertically in 
contact with the surface, exactly as they would oscillate if they 
had at this point been first disturbed. They will therefore, at 
his point, become the centre of a new system of waves, which 
will be propagated around it, but which will form only semi- 
circles, since the centre of undulation will be agunst the ob- 
structing surface, which will, as it were, cut off half of each 
circular undulation. As the several points of the wave meet the 
obstructing surface in succession, other series of semicircular 
waves will be formed, and we shall see that by the combination of 
these various systems of semicircular waves, a single wave will be 
formed, the centre of which will be a point just so far on the 
other side of the obstructing surface, as the original centre was on 
the side of the fluid. 

Let G^fig. 339m be the original centre of undulation, and let 
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ive w w issuing from it move toirnrdii the obatructlDg nirface 
The first part of this wave which will meet the Qbatructiag 




ace will be the point v, which moves along the line c m per- 
dicular to it. Alter this, the other points of the wave on the 

aide and on the other will successivelj strike it. 
<«t us take the moment at which the Burfnce is struck at the 
ita B and a equal); distant from the middle point M by two 
ts of the wave. All the intermeiliate points between b and a 

have been previously struck ; and if the wave had not been 
rcepted by the obstructing surface, it would at the moment 
rhich it strikes the points b and a have had the form of the 
ular arc 4 o B, having the original point c aa its centre, 
lut as the successive points of the wave strike the surface AB, 
J will, according to what has been explained, each become the 
tre of a new wave which will have a semicircular form; and to 
irtain the magnitude of such wave at the moment the original 
e strikes the point a and b, it is only necessary to ascertain 
distance through which each semicircular wave will expand, 

the interval between the moment at which the vertex of the 
^nal wave strikes the point m, and the moment at which the 

extremities of the wave strike the points a and b. It is 
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evident that if the wave had not been interrupted at m, its vertex 
would have been moved on to o ; and as the new wave reflected 
from M will have the same velocity, it follows that at the moment 
the original wave would have arrived at o, the reflected wave will 
have expanded through a semicircle whose radius is m o. There- 
fore, if we take the point m as a centre, and a line equal to ho u 
a radius, and describe a semicircle, this semicircle will be the 
position of the new wave formed with m as a centre, at the moment 
that the extremities of the original wave struck the points 
A and B. 

In like manner, it may be shown that if p be the position, which 
the point of the original wave which struck n would have attained 
had it not been interrupted, the distance from which the semi- 
circular wave having n as a centre would have expanded in the 
same time will be determined by describing a semicircle with n is 
a centre, and n p as a radius. In the same manner it may he 
shown that the forms of all the semicircular waves, produced with 
the points n of the obstructing surface between a and b as centres, 
will be determined by taking the several parts of the radii cp, 
which lie beyond the obstructing surface as radii, and the points h 
where they cross the obstructing surface as centres. This has 
been accordingly done in the diagram, by which it will be per- 
ceived that the space to the left of the obstructing surface is inter- 
sected by the numerous semicircular waves which have been formed 
But it appears also that the series of points where they intersect 
each other most closely is that of a circular arc a o' b, having for 
its centre the point c', whose distance behind the surface m is 
equal to the distance of the centre c before it, so that c m shall he 
equal to & m. The effect will be, that a circular wave a o' b will 
be formed, the intersection of the semicircles within this being so 
inconsiderable as to be imperceptible. This wave Ao'swill 
accordingly expand from the surface a b towards c on the left in 
the same manner as the wave a o b would have expanded on the 
right towards c', if it had not been interrupted by the obstructing 
sui'face. 

If any radius of the original wave, such as c p, and the corre- 
sponding radius c p' of the reflected wave be also drawn, these 
two radii will evidently make equal angles with the line cMc' 
which is perpendicular to the obstructing surface; and conse- 
quently, if from the point n a line nq be drawn parallel to cm, 
and therefore perpendicular to ab, the lines cn and nb will form 
equal angles with it. 

624. Xiaw of refleotton. — The angle cnq is caMed the ang^ 
of inddetice of the wave, and the angle qnb is called the angle of 
reflection ; and hence it is established as a general law, that in the 
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reflection of waves Arom any obstructing surface, the angle of in* 
cidence is equal to the angle of reflection, — a law which has al- 
ready been shown to prevail when a perfectly elastic body is 
reflected by a perfectly hard surface. 

When a wave strikes a curved surface, it will be reflected from 
it in a different direction, acocrding to the point of the surface at 
which it is incident. It will be reflected from such point in the 
same direction as it would be if it struck a plane which coincides 
with the curved surface at this point. 
625. vytLvem propagated from the fbci of an ellipee. — 

There are two species of 
p _ curves, which in those 

branches of physics which 
involve the principles of 
undulation are attended 
with consequences of 
considerable importance. 
These figures are the 
ellipse and the parabola. 
Fig. 340. represents an 
ellipse : A B is its major 
axis, and c d its minor 
axis ; f f' are two points 
upon its major axis called 
its foci, which have the 
following property. If 
lines be drawn from the foci to any point p in the ellif)se, these 
lines will form equal angles with the ellipse at p, and their lengths 
taken together will be equal to the major axis An. 

A remarkable consecjuence of this property follows, relative to 
undulations having for their centres one or other of the foci. If a 
series of progressive circular waves, propagated from the focus p 
as a centre, strike the surface, they will be reflected from the 
surface at angles equal to those at which they strike it, because, 
by the law which has been already established, the angles of re- 
flection will be equal to the angles of incidence. If, then, we 
suppose several waves of the same system diverging from the focus 
F, to strike successively the elliptical surface at the ];)oint p, they 
will be reflected in the direction p p' towards the other focus. But 
as all the points of the same wave move with the same velocity, 
they will describe equal spaces in the same time. Let the points 
ppp upon the lines pf' be those at which the points of the wave 
will arrive simultaneously. It then follows, that the lines fp and 
p/7 will, taken together, be e(][ual, being in each case the spaces 
described in the same time by difierent points of the same wave. 

▲ ▲2 
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If, then, these equal lengths fp^ be taken from the lengths fpf', 
which are also equal to each other, as has been already explamed, 
the remainders T^p will necessarily be equal ; therefore the points 
p will lie at equal distances from f', and will therefore form a 
circle round f' as a centre. 

Hence it follows, that each circular wave which expands round 
F will, after it has been reflected from the surface of the ellipse, 
form another circular wave round f'' as a centre. 

626. UTaves propagated from tbe focus of a parabola. — 

The curve called a parabola is 
represented in Jig, 341. The 
point y is its vertex, and the 
line YM is its axis. 

A certain point f upon the 
axis near the vertex, called the 
focus, has the following property. 
Let lines be drawn from this 
point F to any points such as p 
in the curve ; and let other lines 
be drawn from the points p se- 
verally parallel to the axis vm, 
meeting lines ww' drawn per- 
pendicular to the axis, and ter- 
minated in the curve. The lines 
FP and vp will be inclined at 
equal angles to the curve at the 
points p, and the sum of their 
lengths will be everywhere the 
same; that is, if the length of 
the line fp be added to the 
length of the line p/>, the same 
sum will be obtained whichever 
of the points p may be taken ; and this will be the case whatever 
line w w' be drawn perpendicular to v m. 

It follows from this property, that if the focus of a parabola be 
the centre of a system of progressive waves, these waves, after 
striking the surface, will be reflected so as to form a series of 
parallel straight waves in the direction of the lines ww', and 
movinff from f towards m. 

This may be demonstrated in precisely the same manner as it 
has been proved in the case of the ellipse that the reflected waves 
form a circle round the focus f'; for the lines fp and^p,^. 341^ 
forming equal angles with the curve, will necessarily correspond 
with the direction of the incident and reflected waves, and the 
fium of these lines being the same wherever the point p may be 
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situated, the several points of the same wave striking different 
points of the parabola will arrive together at the line w w', inas- 
much as thej move with the same velocity, and have equal spaces 
to move over. 

On the other hand, it follows, by precisely similar reasoning, 
that if a series of parallel straight waves at right angles to v m, 
moving from m towards v, should strike the parabolic surface, 
their reflections would form a series of circular waves of which 
the focus F would be the centre. 

If two parabolas, a v b and a' v' b^ Jig. 342., face each other so 




Fig. 342. 

as to have their axes coincident and. their concavities in opposite 
directions, a system of progressive circular waves issuing from one 
focus p, will be followed by a corresponding system, having for 
the centre the other focus r'. The waves which diverge from f, 
after striking on the surface a v b, will be converted into a series 
of straight parallel waves moving at right angles to vv', and 
towards v'. These will strike the surface a' v' b', and after being 
reflected from it will form another series of circular waves, having 
the other focus f' as their common centre. 

A circular wave, if its extent be not great compared with the 

length of its radius, may be considered as practically coinciding 

with a parabolic surface whose focus is at the middle point of the 

radius of the circular surface. 

For example, let a b. Jig, 343., be a circular arc, whose centre 

is c, and whose middle point is v. 
Let F be the middle point of the 
radius c v. Then a b may be 
•~. considered as so nearly coin- 
ciding with a parabola whose 
focus is F, and whose vertex is 
V, that it will possess all the 
properties ascribed to the parabola; and consequently spherical 

surfaces, provided their extent be small coinpared with their 

k k 1 
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diameters, will have all the properties here ascribed to parabolic 
surfaces. 

627. Bzperimental Uliistratloii. — All these effects have been 
beautifully verified by experiment by means of expedients con- 
trived by the Messrs. Weber, whose arrangements, nevertheless, 
for this object admit of still further simplification. 

1. Let a trough of convenient magnitade be partially filled with mercury, 
80 as to present a surface of that fluid of sufficient extent. I^t a piece of 
writing paper be formed into a funnel, with an extremely small opening at 
the point, so as to allow a minute stream of mercury to flow from it. Let a 
piece of sheet iron, having a perfectly plane suriface, be now immersed 
vertically in the mercury, and let a small stream descend from the fiumel at 
any point upon the surface of the mercury in the vessel. A series of pro* 
gressive circular waves will be produced around the point where the mercury 
falls, which will spread around it. This will strike the plane surface of the 
sheet iron, and will be reflected from it, forming another series of circular 
waves, whose centre will be a point equally distant on the other side of the 
sheet iron, as already described. 

2. Let a piece of sheet iron be bent into the form of an ellipse, such as 
that represented at^^. 340. ; and let the position of the foci be indicated by 
a small wire index attached to it. Let this be immersed in the mercury in 
the trough; and let the funnel be brought directly over the point of the 
index which marks the position of one of the foci. When the mercury is 
allowed to fall, a series of circular waves will be produced round that focos, 
and, striking on the surface of the iron, will be reflected from it, forming 
another series of circular waves, of which the other focus is the centre, as 
already expressed. 

3. Let a piece of sheet iron be bent into the form of a parabola, as repre- 
sented in^. 341., the position of the focus being, as before, marked by an 
index. If this be immersed in the mercur%', and the stream be let fall fhnn 
the funnel placed at the point of the index, a series of circular waves will be 
produced around the focus, which, after being reflected from the parabolic 
surface, will be converted into a series of parallel straight waves at right 
angles to its axis, as already explained. 

4. Let two pieces of sheet iron formed into parabolic surfaces, with indices 
showing the foci, be immersed in the mercury in such a position that their 
axes shall be in the same direction, and their concavities facing each other. 
From the funnel let fall a stream upon one focus v^fig. 342. Circular waves 
will be formed which, after reflection from the adjacent parabola, will become 
parallel waves, and after a second reflection from the opposite parabola will 
again become circular waves with the other focus as a centre. 

5. If pieces of sheet iron be bent into the form of small circular arcs whose 
length is small compared with their radius, the same efiects will be produced 
as those which were produced by parabolic surfaces. 

628. Znterferenoe. — When two waves which proceed from 
different centres encounter each other, effects ensue which are of 
considerable importance in those branches of physics whose theory 
is founded upon the principles of undulation. 

I. K the elevation of one wave coincides with the elevation of 
other, and the depressions also coincide, a wave would be pro- 
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duced, the height of whose elevation, and the depth of whose de- 
pression, will be equal to the sum of the heights and depths of the 
elevation and depression of the two waves which are thus, as it 
were, superposed. 

n. If, however, the elevation of one wave coincide with the 
depression of the other, and vice versa, then the effect will be a 
wave whose elevation will be equal to the difference of the eleva- 
tions, and whose depression will be the difference of the depressions 
of the two waves which thus meet. 

III. If, in the former case, the heights and depressions of the 
waves superposed be equal, the resulting wave will have double 
the height of the elevation, and double the depth of the depres- 
sion. 

IV. If the heights and depressions be equal in the second case, 
the two waves will mutually destroy each other, and no undulation 
will take place at the point in question; for the difference of 
elevations and the difference of depressions being nothing, there 
will be neither elevation nor depression. 

In fact, in this latter case, the depression of each wave is filled 
up by the elevation of the other. 

This phenomenon, involving the effacement of an undulation by 
the circumstance of two waves meeting in the manner described, 
is called in the theory of undulation an interference^ and is at- 
tended with remarkable consequences in several branches of 
physics. 

629. Bzperimental Uliutratloii. — The two systems of waves 
formed by an elliptical surface, and propagated, one directly 
around one of the foci, and the other formed by reflection around 
the other, exhibit, in a very beautiful manner, the phenomena not 
only of reflection, as has been already explained, but also of inter- 
ference, as has been shown with remarkable elegance by the 
Messrs. Weber already referred to. These phenomena are re- 
presented in Jig, 344., where a and b are the two foci. The 
strongly marked circles indicate the elevation of the waves formed 
around each focus, and the more lightly traced circles indicate 
their depression. The points where the strongly marked circles 
intersect the more faintly marked circles, being points where an 
elevation coincides with a depression, are consequently points of 
interference, according to what has been just explained. The 
series of these points form lines of interference, which are marked 
in the diagram by dotted lines, and which, as will be seen, have 
the forms of ellipses and parabolas round the same foci. 

630. Znfleotloii of 'WB.vem, — If a series of waves encounter a 
solid surface in which there is an opening through which the 
waves may be admitted, the series wUl be continued inside the 
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opening;, and without interruption ; but other seriea of progrestire 
iravea having a circular fonn will be generated, having the edge 
of the opening aa their centres. 




Let M N, fig. 345.) represent such a surface, having an opening 
whose edges are a and b, uid 
let c be a centre from which i 
aeriea of progressive circuUr 
waves is propagated. TheiK 
waves, entering at the opening 
A B, will continue their course 
uninterrupted, forming the dr- 
cular arcs 11 x. But around k 
and B as centres, sjstemB of 
progressive circular waves will 
be formed which will unite with 
the waves d b, completing them 
bj circular arcs d r and i r, 
meeting the obstructing sur&ce 
on the outside ; but these cir- 
cular waves will also be formed 
throughout the remainder of 
their extent, as indicated in the 
figure, on both sides of the ob- 
structing surface, and inter- 
secting the original sjstem of 
waves propagated from tb« 
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centre c. They will also form, with these, series of points of 
interference according to the principles already explained. 

The effects here described as produced by the edges of an 
opening through which a series of waves is transmitted are called 
inflection, and they form an important feature in several branches of 
physics whose theory is based upon the principles of undulation. 

631. The undulations produced upon a large scale in the oceans, 
lakes, rivers, and other large collections of water upon the surface 
of the globe, are attended with important effects on the economy 
of nature. Without these the ocean would be soon rendered 
)Utrid by the mass of organised matter which would be mingled 
v^ith it, and which would chiefly float at its surface. 

The principal physical cause which produces these undulations, 
^here they take place on a moderate scale, b the motion of the 
•tmosphere, but on a large scale they are produced by the com- 
bined effects of the attraction of the sun and moon exerted upon 
he surface of the ocean. The immense undulations excited by 
hese attractions produce the phenomena of the tides which are 
explained in our Handbook of Astronomy. 

632. irndulatloii of air and yases. — If any portion of the 
Ltmosphere, or any other elastic fluid diffused through space, be 
luddenly compressed and immediately relieved from the com- 
iressing force, it will expand in virtue of its elasticity, and, like 
dl other similar examples already given, will, after its expansion, 
sxceed its former volume to a certain limited extent, after which 
t will again contract, and thus oscillate alternately on the one 
iide and on the other of its position of repose. 

We may consider this effect to be produced upon a small 
iphere of air having any proposed radius, as, for example, an 
inch. 

Let us suppose that it is suddenly compressed, so as to form a 
sphere of half an inch in radius, and being relieved from the com- 
pressing force it expands again, and surpassing its former dimen- 
sions, swells into a sphere of an inch and a half. It will again 
contract and return to the magnitude of a sphere, with a radius 
somewhat greater than half an inch, and will again expand, and so 
38cillate, forming alternately spheres with radii less and greater 
than an inch, until at length the oscillation ceases, and it resumes 
permanently its original dimensions. These oscillations will not 
be confined to the single sphere of air in which they commenced ; 
the circumambient air will necessarily follow the contracting 
sphere when first compressed, so that a spherical shell of air which 
lies outside the sphere will expand, and become less dense than in 
its state of equilibrium. 

When the central sphere again expands, this external spherical 
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shell will contract, and will become more dense than in its state of 
equilibrium. This shell will act in a similar manner upon another 
spherical shell outside it, and this upon another outside it, and so 
forth. 

If then we suppose a number of successive spheres surrounding 
the point of original compression, we shall have a series of alter- 
nate spherical shells of air, which will be condensed and expanded 
in a greater degree than when in a state of repose. This con- 
densation and expansion thus spreading spherically round the 
original centre of disturbance, is in all respects analogous to a 
series of circular waves forming round the central point upon the 
surface of a liquid, the elevation of the wave in the case of the 
liquid corresponding to the condensation in the case of the gas, 
and the depression of the wave corresponding to the expansion of 
the gas. 

633. Propaffatton of wave tbroiiKlft an elastio fluid. — We 
will limit our observations in the first instance to a single series ot 
particles of air, expanding in a straight line from the centre ot 
disturbance a, fig. 346., towards t. Let s a represent the space 
through which the disturbing force acts, and let us imagine this air 
suddenly pressed from s to a by some solid surface moving against 
it, and let us suppose that this motion from s to a is made in a 
second. Now, if air were a body devoid of elasticity, and like a 
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perfectly rigid rod, the effect of this motion of the solid surface 
from s to A would be to push the remote extremity t through a 
space to the right corresponding with and equal to s a. 

But such an effect does not take place, first, because air is highly 
elastic, and has a tendency to yield to the force exerted by the 
solid surface upon it, which moves from s to a ; and secondly, 
because to transmit any effect from a to a remote point, such as t, 
would require a much greater interval of time than that which 
elapses during the movement of the surface from s to a. The 
effect, therefore, of the compression in the interval of time which 
elapses during the motion from s to a, is to displace the particles 
of air which lie at a certain definite distance to the right of A. 
Let the distance, for example, be ab. All the particles, there- 
fore, of air which lie in succession from a to b will be afiected 
more or less by the compression, and will consequently be brought 
into closer contiguity with each other; but they will not be 
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equally compressed, because to enable the series of particles of air 
lying between ▲ and b to assume a uniform density requires a 
longer time than elapses during the motion of the solid surface 
from 8 to A. At the instant, therefore, of the arrival of the com- 
pressing surface at a, the line of particles between a and b will be 
at different distances from each other ; and it is proved, by mathe- 
matical principles, that the point where they are most closely 
compressed is the middle point m, between a and b, and there- 
fore, departing from this middle point iti, in either direction, they 
are less and less compressed. 

The condition, therefore, of the air between a and b is as 
follows. Its density gradually increases from a to m, and gradually 
decreases from m to b. Now, it is also proved that the effect of 
the elastic force of the air is such that, at the next moment of time 
after the arrival of the compressing surface at a, the state of 
varying compression which has been just described as prevailing 
between a and b will prevail between another point in advance of 
A, such as a', and a point b' equally in advance of b, and the point 
of the greatest compression will, in like manner, have advanced to 
m\ at the same distance to the right of m. In short, the condi- 
tions of the air between a' and b' will be in all respects similar to 
its condition the previous moment between a and b ; and in like 
manner, in the next moment, the same condition will prevail be- 
tween the particles a'^ and b^' to the right of a^ and b'. Now, it 
must be observed that as this state of varying density prevails 
from left to right, the air behind it, in which it formerly prevailed, 
resumes its primitive condition. In a word, the state of varying 
density which has been described as prevailing between a and b 
at the moment the compressing surface arrived at a will, in the 
succeeding moments, advance from left to right towards t, and 
will so advance at a uniform rate ; the distance between the points 
A B, A^ b', and a'^ b'', &c. always remaining the same. 

634. Aerial undiilatloiis. — This interval between the points 
A and B is called a wave or undulation^ from its analogy, not only 
in form, but in its progressive motion, to the waves formed on the 
surface of liquids, already described ; the difference being, that in 
the one case the centre of the wave is the point of greatest eleva- 
tion of the surface of the liquid, and in the other case it is the 
point of greatest condensation or compression of the particles of 
the air. The distance between a and b,. or between a^ and b', or 
between a'^ and b^^, which always remains the same as the wave 
progresses, is called the length of the wave. 

In what precedes we have supposed the compressing surface to 
advance from s to a, and to produce a compression of the air in 
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advance of it. Let us now suppose this surface to be at a, the air 
contiguous to it having its natural density. 

If the wave proceed contrariwise from A to 8, the air which was 
contiguous to it at a will rush after it in virtue of its elasticity, so 
that the air to the right of a will be disturbed and rendered less 
dense than previously. An effect will be produced, in fine, pre- 
cisely contrary to tliat which was produced when the wave 
advanced from s to a ; the consequence of which will be that a 
change will be made upon the air between a and b exactly the 
reverse of that which was previously made, that is to say, the 
middle point m will be that at which the refraction will be greatest, 
and the density will increase gradually, proceeding from the point 
m in either direction towards the points a and b. 

The same observations as to the progressive motion will be 
applicable as before, only that the centre of the progression m, 
instead of being the point of greatest, will be the point of least 
density. 

63 5. Waves condensed and rarefied. — The space a b is also 
in this case denominated a wave or undulation. But these two 
species of waves are distinguished one from the other by being 
denominated, the former a condensed wave, and the latter a rarefied 
tvave. Now, let it be supposed that the compressing surface 
moves alternately backwards and forwards between s and a, 
making its excursions in equal times. The two series of waves, as 
already defined, will be produced in succession. While the con* 
densed wave moves from s towards t, the rarefied wave inunedi- 
ately follows it, and in the same manner this rarefied wave will be 
followed by another condensed wave, produced by the next oscil- 
lation, and so on. 

The analogy of these phenomena to the progressive undulation 
on the surface of a liquid, as already described, is obvious and 
striking. 

What has been here described with reference to a single line of 
particles extending from the centre of the distance a in a parti- 
cular direction, is equally applicable to every line diverging in 
every conceivable direction around such centre, and hence it 
follows that the succession of condensed and rarefied waves will 
be propagated round the centre, each wave forming a spherical 
surface, which is continually progressive and uniformly enlarges, 
the wave moving from the conunon centre with a uniform mo- 
tion. 

636. Velocity and force of aerial waves. — The velocity 
with which such undulations are propagated through the atmo- 
sphere depends on, and varies with, the elasticity of the fluid. 
the degree of compression of the wave, which corresponds to the 
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leight of a wave in the case of liquids, depends on the energy of 
;he disturbing force. All the effects which have been described 
n the case of waves formed upon the surface of a liquid are 
reproduced, under analogous conditions, in the case of undulations 
propagated through the atmosphere. 

637. Znterferenoe of aerial waves. — Thus, if two series of 
graves coincide as to their points of greatest and least condensa- 
tion, a series will be formed whose greatest condensation and 
rarefaction is determined by the sum of points, as prevailing in the 
separate undulations ; and if the two series are so arranged that the 
points of greatest condensation of the one coincide with the 
greatest rarefaction of the other, and vice versa, the series will 
bave condensations and rarefactions determined by the difference 
of each of the- separate series ; and, in fine, if in this latter case 
the condensations and rarefactions be equal, the undulations will 
mutually efface each other, and the phenomena of interference, 
already described as to liquids, will be reproduced. 

As the undulations produced in the air are spread over spherical 
surfaces having the centre of disturbance as a common centre, the 
nagnitude of these surfaces will be in the ratio of the squares of 
their radii, or, what is the same, of the squares of their distances 
Torn the point of central disturbance ; and, as the intensity of 
he wave is diminished in proportion to the space over which it is 
liffused, it follows that the effects or energy of these waves will 
iiminish as the squares of their distances from the centre of 
propagation increases. 



CHAP. n. 

PRODUCTION AND PROPAGATION OF SOUND. 

'3 8; Sound is the sensation produced in the organs of hearing 
rhen they are affected by undulations transmitted to them through 
be atmosphere. These undulations are subject to an infinite 
ariety of physical conditions, and each variety is followed by a 
ifferent sensation. 

The atmospheric undulations which thus produce the sensation 
f sound, are themselves excited usually by the vibration of some 
lastic bodies, whose condition of equilibrium is momentarily dis- 
urbed, and which impart to the air in contact with them undula- 
ions which correspond with and are determined by such vibration, 
lie vibrating bodies which thus impart undulation to the air 




are called tomiding or sonoroiu hodies ; and the til IB s^d to be i 
propagator or conductor of sound, and ie BomettmeB called a em- 
ftrout medium. 

The sounding bod; don 
not, however, iaTariabi; tn 
in a direct manner upon ilie 
air which conveys the uoda- 
lation to the organ of hetrini. 
It often happens that the n- 
brations of the Bounding bodj 
are first imparted to otbar 
bodies susceptible of vtbn- 
tion and after passing throu^ 
a succession of these, the un- 
dulation ts finally imparted lo 
the air which is inyariabljtIiB 
last medium in the series, tsi 
that from which the orgui of 
bearing receives it. 

639. That the presenceof 
air or other conducting ice- 
dium is indiipensable for tk 
production of sound, is proied 
by the following experinwnL 
Let a small apparatus {Jig. 
347.) called an alarum, con- 
sisting of a bell a, which ii 
F g j4 struck by a hammer h, mored 

by clockwork, be placed under 
the rece ver of an air pump through the top of which a rod slidee, 
art ght, the end of the rod be ng connected with a detent vhid 
governs the motion of the clockwork connected with the hammeT- 
This rod can, by a handle placed outside the receiver, be made lo 
disengage the detent, so as to make the bell ring whenever it ii 
desired. 

This arrangement being made, and the alarum being placed 
within the receiver, upon a soft cushion of wool e, so as to prerenl 
the vibration from being communicated to the pump pUie, Id 
the receiver be exhausted in the usual way. When the air hit 
been withdrawn, let the bell be made to ring by means of the 
sliding rod. No sound will be heard, although the percussion of 
the tongue upon the bell, and the vibration of the bell itself «re 
visible. Now if a little air be admitted into the receiver, a fmt 
sound will begin to be heard, and this sound will become grsdusUj 
louder in proportion as the air is gradually readmitted. 
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In this case the vibrations which directly act upon the ear are 
not those of the air contained in the receiver. These latter act 
upon the receiver itself and the pump plate, producing in them 
sympathetic vibration ; and those vibrations impart vibrations to 
die external air which are transmitted to the ear. 

If in the preceding experiment a cushion had not been inter- 
posed between the alarum and the pump plate, the sound of the 
bell would have been audible, notwithstanding the absence of air 
from the receiver. The vibration in this case would have been 
propagated, first from the bell to the pump plate and to the bodies 
in contact with it, and thence to the external air. 

Another more simple method of performing this experiment is 
shown in fig, 348. A bell is suspended within a glass globe, in 

the neck of which there is a stopcock. The air 
being exhausted from this globe by a syringe or 
by the air pump, the sound of the bell will be 
inaudible, and will become audible and gradually 
louder by admitting the air by slow degrees. 

Persons shut up in a close room are sensible 
of sounds produced at a distance outside such 
room ; and they may be equally sensible of 
these, even though the windows and doors should 
be absolutely air-tight. In such case the undu- 
lations of the external air produce sympathetic 
vibration on the windows, doors, or walls by 
Fig. }48. which the hearers are enclosed, and then produce 

corresponding vibrations in the air within the 
)t)om by which the organs of hearing are immediately affected. 

640. Bound progressive. — It has been shown that the pro- 
pagation of undulations through the atmosphere is progressive ; 
and if it be admitted that such undulations are the agencies by 
which the sense of hearing is affected, it will follow that an interval 
of time, more or less, must elapse between the vibration of the 
sounding body and the perception of the sound by a hearer, and 
that such interval will be proportionate to the distance of the 
hearer from the sounding body, and to the velocity with which 
sound is propagated through the intervening medium. But this 
progressive propagation of sound can also be directly proved by 
experiment. 

Let a series of observers, a, b, c, d, &c., be placed in a line, at 
dbtances of about 1 000 feet asunder, and let a pistol be discharged 
at P, about 1 000 feet from the first observer. 

p A B C D B F 

This observer will see the flash of the pistol about one second 
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before he hears the report. The observer b will hear the report 
one second after it has been heard by a, and about two seconds 
after he sees the flash. In the same manner, the third observer at 
c will hear the report one second after it has been heard by the 
observer at b, and two seconds after it has been heard by the ob- 
server at A, and three seconds after he perceives the flash. In the 
same way, the fourth observer at d will hear the report one second 
later than it was heard by the third observer at c, and three 
seconds later than it was heard by the observer at a, and four 
seconds after he perceives the flash. 

Now it must be observed, that at the moment the report is 
heard by the second observer at b, it has ceased to be audible to 
. the first observer at a ; and when it is heard by the third observer 
at c, it has ceased to be heard by the second observer at b, and so 
forth. It follows, therefore, from this, that sound passes through 
the air, not instantaneously, but progressively, and at a uniform 
rate. 

641. Breadtb of sonoroiui waves. — As the sensation of sound 
is produced by the wave of air impinging on the tympanum of the 
ear, exactly as the momentum of a wave of the sea would strike 
the shore, it follows that the interval between the production of 
sound and its sensation, is the time which such a wave would take 
to pass through the air from the sounding body to the ear ; and 
since these waves are propagated through the air in regular suc- 
cession, one following another without overlaying each other, as in 
the case of waves upon a liquid, the breadth of a wave may always 
be determined if we take the number of vibrations which the 
sounding body makes in a second, and the velocity with which the 
sound passes through the air. If, for example, it be known that 
in a second a musical string makes 500 vibrations, and that the 
sound of this string takes a second to reach the ear of a person at 
a distance of 1 000 feet, there are 500 waves in the distance of 
1 000 feet, and consequently each wave measures two feet. 

The velocity of the sound, therefore, and the rate of vibration, 
are always sufficient data by which the length of a sonorous wave 
can be computed. 

642. Distinction between musical sounds and ordinary 
sounds. — It has not been ascertained, with any clearness or cer- 
tainty, by what physical distinctions vibrations which produce 
common sounds or noises are distinguished from such as produce 
musical sounds. It is nevertheless certain, that all vibrations, in 
proportion as they are regular, uniform, and equal, produce sounds 
proportionably more agreeable and musical. 

Sounds are distinguished from each other by their pitch or toMt 
in virtue of which they are high or low ; by their irUeruityi is 
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firtue of which they are loud or sofl ; and by a property expressed 
in French by the word timbre, which we shall here adopt in the 
absence of any English equivalent. 

643. Viteb. — The pitch or tone of a sound is grave or acute. 
In the former case it is low, and in the latter high, in the musical 
scale. It will be shown hereafter that the physical condition 
which determines this property of sound is the rate of vibration of 
the sounding body. 

The more rapid the vibrations are, the more acute will be the 
sound. A bass note is produced by vibrations much less rapid 
than a note in tlie treble. But it will also be shown that the 
length of the sonorous waves depends on the rate of vibration of 
the body which produces it : the slower the rate of vibration, the 
longer will be the wave, and the more grave the tone. 

All vibrations which are performed at the same rate produce 
waves of equal length and sounds of the same pitch. 

644. &oadnera. — The intensity of a sound, or its degree of 
loudness, depends on the force with which the vibrations of the 
sounding body are made, and consequently upon the degree of 
condensation produced at the middle of the sonorous wave. Waves 
of equal length, but having different degrees of condensation at 
their centres, will produce notes of the same pitch, but of diffe- 
rent degrees of loudness, in proportion to such degrees of conden- 
sation. 

645. TImlire. -— The timbre of a sound is not easily explained, 
and still less easily can the physical conditions on which it depends 
be ascertained. If we hear the same musical note produced with 
the same degree of loudness in an adjacent room successively upon 
a flute, a clarionet, and a hautboy, we shall, without the least 
hesitation, distinguish the one instrument from the other. Now 
this distinction is made by observing some peculiarity in the notes 
produced, yet the notes shall be the same, and be produced with 
equal loudness. 

This property, by which the one sound is distinguished from 
the other, is called the timbre, 

646. Zn tbe same medininv all sounds liave tbe same ve- 
lootty* — That this is the case, is manifest from the absence of all 
confusion in the effects of music, at whatever distance it may be 
heard. If the different notes simultaneously produced by the 
various instruments of an orchestra moved with different velocities 
through the air, they would be heard by a distant auditor at dif- 
ferent moments, the consequence of which would be, that a musical 
performance would, to the auditors, save those in immediate prox- 
imity with the performers, produce the most intolerable confusion 
and cacophony ; for different notes produced simultaneously, and 
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which, when hieard together, form harmony, would at a distance 
be heard in succession ; and sounds produced in succession would 
be heard as if produced together, according to the different velo- 
cities with which each note would pass through the air. 

647. Velocity- — The velocity of sound varies with the elasticity 
of the medium by which it is propagated. Its velocity, therefore, 
through the air will vary, more or less, with the barometer and 
thermometer. 

The experimental methods which have been adopted to ascer- 
tain the velocity of sound are similar in principle to those which 
have been briefly noticed by way of illustration. The most ex- 
tensive and accurate system of experiments which have been made 
with this object, were those made at Paris by the Board of Longi- 
tude in the year 1822. The sounding bodies used on this occa- 
sion, were pieces of artillery charged with from two to three pounds 
of powder, which were placed at Villejuif and Montlh^ry. The 
experiments were made at midnight, in order that the flash might 
be more easily and accurately noticed. They were conducted by 
MM. Frony, Arago, Mathieu, Humboldt, Guy Lussac, and £ou- 
vard. The result of these experiments was, that when the baro- 
meter was at 29*8 inches, and the thermometer at 61^, the velocity 
of sound was 1 1 1 8*4 feet per second. 

According to the theory of Laplace, the velocity of sound 
increases at the rate of i • 1 1 feet per second for every degree in 
the rise, and decreases at the same rate for each degree in the 
fall of the thermometer. Hence it appears that the velocity of 
sound at 32° is 10862 feet per second. For all practical pur- 
poses, it is sufficiently exact to take 1 1 20 feet as iJie velocity of 
sound at 62% and allow thirteen inches for every variation of a 
degree in temperature. 

648. Distance measured by souniL — The production of sound 
is in many cases attended with the evolution of light, as, for ex- 
ample, in firearms and explosions generally, and in the case of 
atmospheric electricity. In these cases, by noting the interval 
between the flash and the report, and multiplying the number of 
seconds in each interval by the number of feet per second in the 
velocity of sound, the distance can be ascertained with great pre- 
cision. Thus, if a flash of lightning be seen ten seconds before 
the thunder which attends it is heard, and the atmosphere be in 
such condition that the velocity of sound is 1 1 20 feet per second, 
it is evident that the distance of the cloud in which the electricity 
is evolved must be 1 1 200 feet. 

Among the numerous discoveries bequeathed to the world by 
Newton, was a calculation, by theory, of the velocity with which 
Bound was propi^ated through the air. This calculation, based 
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upon the elasticity and temperature of the air, gave as a result 
about one sixth less than that which resulted from experiments. 

This discrepancy remained without satisfactory explanation 
until it was solved by Laplace, who showed that it arose from the 
fact that Newton had neglected to take into account, in his com- 
putation, the effects of the heat developed and absorbed by the 
alternate compression and rarefaction of the air produced in the 
sonorous undulations. Laplace, taking account of these, gave a 
formula for the velocity of sound which corresponds in its results 
exactly with experiment. 

649. All cases and Taponm oonduet sound. — As all elastic 
fluids are, in common with air, susceptible of undulation, they are 
equally capable of transmitting sound. 

This may be rendered experimentally evident by the following 
means. Let the alarum be placed under the receiver of an air 
pump, as already described, and let the receiver be exhausted. 
If, instead of introducing atmospheric air into the receiver, we 
introduce any other elastic fluid, the sound of the alarum will be- 
come gradually audible, according to the quantity of such fluid 
which is introduced under the receiver. If a drop of any liquid 
which is easily evaporated be introduced, the atmosphere of vapour 
which is thus produced will also render the alarum audible. 

650. The same sounding body will produce a louder or lower 
sound, according as the density of the air which surrounds it is in- 
creased or diminished. In the experiment already explained, in 
which the alarum was placed under an exhausted receiver, the 
sound increased in loudness as more and more air was admitted 
within the receiver. If the alarum had been placed under a 
condenser, and highly compressed air collected round it, the sound 
would be still further increased. 

When persons descend to any considerable depth in a diving 
bell, the atmosphere around them is compressed by the weight of 
the column of water above them. In such circumstances, a whisper 
is almost as loud as the common voice in the open air, and when 
one speaks with the ordinary force it produces an efiect so loud as 
to be painful. 

On the summit of lofty mountains, where the barometric column 
falls to one half its usual elevation, and where therefore the air is 
highly rarefied, sounds are greatly diminished in intensity. Per- 
sons who ascend in balloons find it necessary to speak with much 
greater exertion, and, as would be said, louder, in order to render 
themselves audible. When Saussure ascended Mont Blanc, he 
found that the report of a pistol was not louder than a common 
cracker. 

65 1 . Mtteet of atmospberic airltation on sound. — Yioleni 
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winds and other atmospheric agitations affect the transmission of 
sound. When a strong wind blows from the hearer towards the 
sounding body, a sound often ceases to be heard which would be 
distinctly audible in a calm. A tranquil and frosty atmosphere 
placed over a smooth and level surface is favourable to the trans- 
mission of sound. Lieutenant Forster held a conversation with 
a person on the opposite side of the harbour of Fort Bowen, in the 
third polar expedition of Sir Edward Farry, the distance between 
the speakers being more than a mile. 

It is said that the sound of the cannon at the battle of Waterloo 
was heard at Dover, and that the cannon in naval engagements in 
the Channel have been heard in the centre of England. 

652. Liquids are also capable of propagating sound. Divers 
can render themselves audible at the surface of the water ; and 
stones or other objects struck together at the bottom produce a 
sound audible at the surface. 

It appears from the experiments of M. Colladon, made at Ge- 
neva, that sounds are transmitted through water to great distances 
with greater force than through air. A blow struck under the 
water of the Lake of Greneva was distinctly heard across the whole 
breadth of the lake, a distance of nine miles. 

Solid bodies, such as walls or buildings interposed between the 
sounding body and the hearer, diminish the loudness of the sound, 
but do not obstruct it when the sound is made in air ; but it ap- 
pears from the experiments of M. Colladon, that the interposition 
of such obstacles almost destroys the transmission of sound in 
water. 

653. Bounds wliicli destroy eacb otber. — When two series 
of sonorous undulations propagated from different sounding bodies 
intersect each other, the phenomena of interference explained in 
the theory of undulation are produced, and an ear placed at such 
a point of interference will not be affected by any sense of sound, 
so long as the two sounding bodies continue to vibrate ; but the 
moment the vibration of either of the two is discontinued, the 
other will become audible. Thus, it appears that two sounds 
reaching the ear together, instead of producing, as might be ex- 
pected, a louder sound than either would produce alone, may alto- 
gether destroy each other and produce silence. 

This phenomenon is precisely analogous to the case of two series 
of waves formed upon the surface of the same liquid, at a point 
where the elevation of a wave of one series coincides with the 
depression of a wave of the other. 

If two sounding bodies were placed in the foci of an ellipse, as 
represented in Jig. 340., an ear placed on any of the lines of in- 
terference there indicated would be conscious of no sound ; but 
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the moment that either of the two sounding bodies became silent, 
the other would be heard ; or if the ear of the listener were re- 
moved to a position midway between two lines of interference, 
then both sounds would be heard simultaneously, and combined 
would be louder than either alone. 

654. Bxperlmental Illustration. — This phenomenon of inter- 
ference may be produced in a striking manner by means of the 
common tuning fork, used to regulate the pitch of musical instru- 
ments. 

Let A and b, fig. 349., be two cylindrical glass vessels, held at 
right angles to each other, and let the tuning fork, after it has 

been put in vibration, be held in the middle 

7\ of the angle formed by their mouths. Al- 

B 1 1 , > , n though, under such circumstances, the vi- 

bration of the tuning fork will be imparted 
to the columns of air included within the 
two cylinders, no sound will be heard ; but 
if either cylinder be removed, the sound 




Fig. 349. '^'^ ^ distinctly audible in the other. In 

this case, the silence produced by the com- 
bined sounds is the consequence of interference. 

Another example of this phenomenon may be produced by the 
tuning fork itself. If this instrument, after being put into vibra- 
tion, be held at a great distance from the ear, and slowly turned 
round its axis, a position of the prongs will be found at which the 
sound will become inaudible. This position will correspond to the 
points of interference of the two systems of undulation propagated 
from the two prongs. 

655. Bxamples. — Solids which possess elasticity have likewise 
the power of propagating sound. If the end of a beam composed 
of any solid possessing elasticity be lightly scratched or rubbed, 
the sound will be distinct to an ear placed at the other end, al- 
though the same sound would not be audible to the ear of the 
person who produces it, and who is contiguous to the place of its 
origin. 

The earth itself conducts sound, so as to render it sensible to 
the ear when the air fails to do so. It is well known, that the 
approach of a troop of horse can be heard at a distance by putting 
the eai' to the ground. In volcanic countries, it is said that the 
rumbling noise which is usually the prognostic of an eruption is 
first heard by the beasts of the field, because their ears are gene- 
rally near the ground, and they then by their agitation and alarm 
give warning to the inhabitants of the approaching catastrophe. 
Savage tribes practise this method of ascertaining the approach 
of persons from a great distance. 

B B 3 
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656. Velocity of sound in different media. — The velocity 
with which sound is propagated through different media varies 
with their different physical conditions. 

In the following table are given the velocities with which sound 
is propagated through the several liquids therein named, the tem- 
perature being 50°. 

Table. 
Velocities of Soutid of Liquids at 50° Fahr. 



Namn. 


Specific 
Gravity. 


Compresaibility under 

one Atmosphere in 

Millionths of pii- 

mldve Volume. 


Veiodtyrf 
Sound in Feet 
per Second. 


Sulphuric ether ... 
Alcohol .... 
Hydrochloric ether 
Essence of turpeotine 
Water - - - - 
Mercury . - - - 
Nitric acid .... 
Water of ammonia (saturated) 


•712 

•874 

•870 

I'OOO 

13544 
1*403 


13I35 
94*95 
84*15 
71*35 
47-85 
3-38 

30-55 
3805 


3409 
3390 

5036 

0044 



Table shomng the Velocities of Sound as propagated hy various 

solid Substances, 









Velocities 








VdodriM 


Names. 




(that throui^ Air 
bang 1). 


Names. 




(that through Air 
beinglT 


Whalebone 


. 


- - 6-66 


Mahogany wood' 






Tin - - 


«• 


- r5o 


Ebony 








Silver 


• 


o-oo 


Hornbeam 








Walnut " 






^ 


Elm 




» . 


- I4'40 


Yew 








Alder 








Brass 


> 


M 


- - 10-66 


Birch 








Oak 








Lime 7 
Cherry 3 ' 






Plum-tree, 








" " 


i5'oo 


Tobacco-pipes 


* 


Cio'oo 
- " {izoo 


WUlow" 
Pine . " 


- 


- 16*00 


Copper 


«• 


I2-00 


Glassy 






Pear tree 7 
Red beech y 






Iron > 


„ „ 


- i6^ 


• 


ix*5o 


Steel 3 






Maple 


* 


- 


- - 13*33 











657. SfliBots Of elasticity of air. — The velocity with which 
sound is transmitted through the air varies with its elasticity; 
and where different strata are rendered differently elastic by the 
unequal radiation of heat, the agency of electricity, or other 
causes, the transmission of sound will be irregular. In passing 
from stratum to stratum differing in elasticity, the speed with 
which sound is propagated is not only varied, but the force of the 
intensity of the undulations is diminished by the combined effectti 
of reflection and interference, so that the sound, on reaching the 
ear, aflber passing through such varying media, is often very much 
diminished. 

The fact, that distant sounds are more distinctly heard by night 
than by dny, may be m paxt «.(^(^QiV)hXi\A^ for by this circumstaiM^ 
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the strata of the atmosphere being during the clay exposed to 
vicissitudes of temperature more varying than during the night. 

658. Blot's experiment. — The relative velocities of sound, as 
transmitted by air and by metal, are illustrated by the following 
remarkable experiment of Biot : — A bell was suspended at the 
centre of the mouth of a metal tube 3000 feet long, and a ring of 
metal was at the same time placed close to the metal forming the 
mouth of the tube, so that when the ring was sounded its vibra- 
tions might affect the metal of the tube ; and when the bell was 
sounded, its vibrations might affect only the air included within 
the tube. A hanuner was so adapted as to strike the ring and the 
bell simultaneously. When this was done, an ear placed at the 
remote end of the tube heard the sound of the ring, and afler a 
considerable interval heard the sound of the bell. 

659. ClUadnl's experiments. — The solids composing the 
body of an animal are capable of transmitting the sonorous undu- 
lations to the organ of hearing, even though the air surrounding 
that organ be excluded from communicating with the origin of the 
sound. 

Chladni showed that two persons stopping their ears could con- 
verse with each other by holding the same stick between their teeth, 
or by resting their teeth upon the same solid. The same effect was 
produced when the stick was pressed against the breast or the 
throat, and other parts of the body. , 

If a person speak, directing his mouth into a vessel composed of 
any vibratory substance, such as glass or porcelain, the other 
stopping his ears, and touching duch vessel with a stick held 
between his teeth, he wHl hear the words spoken. 

Thei same effect will take place with vessels composed of metal 
or wood. 

If two persons hold between their teeth the same thread, stop- 
ping their ears, they would hear each other speak, provided the 
thread be stretched tight. 

660. loudness dependent on distance. — In has been shown 
that while the pitch of a sound depends upon the length of the 
sonorous wave, or, what is the same, the number of waves which 
strike the ear per second, the loudness depends on the degree of 
condensation or rarefaction produced in each such wave ; but the 
loudness is also dependent on the distance of the hearer from the 
sounding body ; and therefore, when it is stated that it is propor- 
tional to the condensation and rarefaction of the sonorous waves, 
the estimate must be understood to be applied to sounds heard at 
the same distance from their origin. 

In explaining the general theory of undulations, it has been 
shown that as the undulation spreads round the centre from 
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. it emkn&tes, i& intengitj diminisltes m the square of tbe distaoM 
ig augmented ; and this general principle coasequeotty beooma 
applicable lo aoiuirouB undulations; and, therefore, when odier 
things are the aame, the intensity or loudnesB of the sound di- 
minishea in the same proportion aa the square of the distance 
of the heiirer from the sounding bodj is augmented. Thus in i 
tiiestre, if the linear dimengionB be doubled, other arrangemeDta 
being the same, the loudness of the performers' voices, as heird 
at an; part of its circumference, will be diminished in a fourftU 
proportion. 



— Of the Tarious forms of apparitns 
which have been contrived for the production of musicd soundi 
'with n view to the experimental illustration of their theorj, that 
which is best adapted fur this purpose are those which, under 
various denominations, consist of strtnis submitted to tension 




etfiso. 



'over a sounding board. An instrument of this form, consisting 
< of a single string, and called a monoehord or xmomeleTf is repre- 
sented in ^. 3;o. It consists of a string of catgut or wirs 
attached to a fixed point, carried over a puUej, and stretched b; 
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a known weight. Under the string is a hollow box or sounding 
board, to the frame of which the pulley is attached. The string 
rests upon two bridges, one of which is fixed, and the other can 
be moved with a sliding motion to or from, so as to vary at 
pleasure the length of the part of the string included between the 
two bridges. 

A divided scale is placed under them, so that the length of the 
vibrating part of the string may be regulated at pleasure. By 
varying the weight, the tension of the string may be increased or 
diminished in any desired proportion. This may be accomplished 
with facility by circular weights which are provided for the pur- 
pose, and which may be slipped upon the stem of the weight. 
By means of this apparatus, the relation between the various 
- notes of the musical scale and the rate of vibration by which they 
are respectively produced, have been ascertained. 

662. Xts application to determine tbe rates of vibrations 
of musical notes. — It has been shown that the rate of vibration 
of a string such as that of the monochord is inversely as its length, 
other things being the same. Thus, if its length be halved, its 
rate of vibration is doubled ; if its length be diminished or in- 
creased in a threefold proportion, its rate of vibration will be 
increased or diminished in the same proportion ; and so forth. 

Let the bridges be placed at a distance from each other as 
great as the apparatus admits, and let the weight which stretches 
the string be so adjusted, that the note produced by vibrating the 
string shall correspond with any proposed note of the musical 

scale; such, for example, as m , the low c of the treble 

clef. This being done, let the movable bridge be moved towards 
the fixed bridge, continually sounding the string until it produces 
the octave above the note first sounded, that is, until it produces 

the middle c fe ^* of the treble. 

If the length of the string be now ascertained by reference to 
the scale of the monochord, it will be found to be precisely one 
•lialf its original length. 

663. A double rate of vibration produces an octave. — 

Hence it follows, that the same string will sound an octave higher 
if the length is halved. But it has already been shown that the 
rate of vibration will be doubled when the length of the string is 
halved. Hence it follows, that two sounds, one of which is an 
octave higher than the other, will be produced by vibrations, 
the rate of which will be in the proportion of 2 to i ; and, 
consequently, the length of the undulation producing the lower 
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note will be doable that of the undulation producing the higher 
note. 

664. Sates of vibration ftir otlier fntervals. — If^ instead of 
moving the bridge to the point necessary to produce the octave 
to the fundamental note c, it be moved to such positions that the 
string shall produce the successive notes of the scale between 
it and its octave, the lengths of the string being noted by re- 
ference to the scale, it will be found that they will be respec- 
tively those which are inscribed below the annexed scale under 
the notes severally. The length of the string producing the 
fundamental note c is assumed to be i, the fractions expressing, 
with reference to this length, the lengths which are found to 
produce the successive notes of the scale severally. 

Let the seven successive notes of the gamut be expressed as 
follows : — 

'>^ .. o -- — -° " 1 " "" 4- 
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re 


mi 


fa 


sol 


la 


si 


at 
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The names given by continental writers to these seven notes are those 
written beneath them in the upper line — at, re, mi, fa, sol, la, si, at; bat 
those by which they are most generally known in England are the letters of 
the alphabet inscribed in the lower line, the fundamental note being c, and 
the succeeding ones designated by the letters inscribed beneath them. 

Let us suppose, then, that the monochord produces this fundamental 
note c, and that the movable bridge be then advanced towards the fixed 
bridge 80 as to shorten the string until it produces the note d. It will be 
found that its length will be reduced Jth, and that, consequently, the length 
necessary to produce the note d will be |ths of that which produces the note 
o. Let the bridge be now advanced until the string sound the note e; its 
length will then be |ths of that which produces the fundamental note. In 
the same manner,- being further shortened, let it produce the note r; its 
length ¥rill be ^ths of its original length. In the same manner, the lengths 
of the string corresponding to each of the successive notes of the gamut, wifl 
be found to be expressed by the fractions which are written in the above 
diagram under the notes severally. 

But since the number of vibrations per second is, by the principles already 
established, in the inverse ratio of the length of the string, it follows, that 
if the number of vibrations per second corresponding to liie fundamental 
note c be expressed by i, the number of vibrations per second corresponding 
to the other notes successively will be as follows : — 
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The meaning of which is, that in producing the note d, nine vibrations will 
be made in the same time that eight are made by the note c. In like 
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maimer, when fhe note s is sonnded, fiye of its vibrations correspond to four 
of c four vibrations of f correspond to three of c, three vibrations of o 
correspond to two of c, five vibrations of a correspond to three of c, fifteen 
vibrations of b correspond to eight of c, and, in fine, two vibrations of the 
octave c correspond to one of the fundamental c. 

The relative numbers corresponding to the notes of one octave being 
blown, those of the octAves higher or lower in the musical scale can be easily 
calculated. 

. It appears from what has been already proved that the note which is an 

octave higher than the fundamental note is produced by a rate of vibration 

twice as rapid ; and this principle would equally apply to any other note. 

We shall, therefore, always find the rate of vibration of a note which is an 

octave above a given note by multiplying the rate of vibration of the given 

note by 2; and, consequently, to find the rate of vibration of a note an 

octave lower, it will only be necessary to divide the rate of vibration of the 

given note by 2. If, therefore, it be desired to find the rate of vibration of 

the series of notes continued upwards beyond the series given in the preceding 

diagram, it will only be necessary to multiply the numbers in the preceding 

aeries by 2. 

665. Pbysioal cause of barmoiiy. — If these results be com- 
pared with the effect produced upon the ear by the combination 
of these musical notes sounded in pairs, we shall discover the 
physical cause of those agreeable sensations denominated harmony, 
and the opposite sensations denominated discord. 

The most perfect harmony is that of the octave, which is so 
complete as to be nearly equivalent to unison. Now the fun- 
damental note c produced simultaneously with its octave is 
attended by two series of vibrations, of which two of the octave 
correspond to one of the fundamental note. It follows, therefore, 
that the commencement of every alternate vibration of the upper 
note coincides with the commencement of a vibration of the 
lower. 

Kext to the octave, the most agreeable harmony is that of the 
fifth, which is produced when the fundamental note c is sounded 
simultaneously with g. Now it appears by the preceding results 
that three vibrations of g are simultaneous with two of c. It 
follows, therefore, that every third vibration of o commences 
simultaneously with every second vibration of c. The coincident 
vibrations, therefore, are marked by the commencement of every 
second vibration of the fundamental c, whereas, in the octave, a 
coincidence takes place at the commencement of every vibration. 

The coincidences, therefore, are more frequent in the octave 
than in the fifth, in the proportion of I to 2. 

The next harmony to that of the fifth is the fourth, which is 
produced when the fundamental note c is sounded simultaneously 
with F. Now it appears from the preceding results that four 
vibrations of f are simultaneous with three of the fundamental 
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It, tkat tlwre » • eontadetrt vibrmtiaa it lie 
J third ribntioa of tke fiiadxaaatUl nou. 
TIk cnDcidfol Tibradona are, tfc mfim. las ficqnent thm m tbe 
fifth IB tht- proptTtiod of ] to I : uid leai freqacm than in IIk 
wXaT« in the propordoa c^ j to I . 

The hanKMT vhich conea next in ordo' to the fbonh it Ihit 
of the third, pnjdnced wbm the raDduDenta] nou C ti toaaixA 
mmlUuMondjr with i. "Sow n apftean fron the prcegd ii ^ re- 
nin that fire nbratiom of a are made smnltanem^lT with (bar 
<^ c ; and that, cooieqiiaitlj, iher« a a coincidence at eroj 
foarth vibntim cif the fuDdamcDtal note. The eoincidaKti, 
therefore, in tU* case are leaa fi^uent than in llw fbvTth, m ik 
ratio of 3 lo 4, leai freqntnt than in the fifth in the proportioo of 
2 to 4, and kaa ftvqneait than in the oetare in the praportio) of 



The fiiTDrea which are placed orer each caaibinMion espren the 
number of -vibrationi which in each case t«ke place simultuieoailTi 
and the Dame of the interral, ai it ia technicallj called id miuie. 
ii written under the lower line. Tbiu, the interval betveeo the 
fundamental note c and the note b is a serenth; and the fignres 
above indicate that fifteen vibrations of n are made in the same tinM 
a* eight vibrations of c. In the &ame waj, the interval between c 
and r in the treble is calli:d an eleventh ; and the figures indicate 
that eight vibrations of r are made while three of c take place. 

666. Vbjait^ nuuo of tbe luumanioa of ttio tuuy or 
Tlolln. — On inspecung the numbers which in the preceding Idle 
indicate the relative rales of vibration of these pairs of musical 
■ountlt, it will be observed that there are certain combinatioos in 
which a complete number of vibrations of the upper note arc 
made in the time of a single vibration of the lower note. These 
are distiaguiebed by the letter a written under tbe interval. The 
first is the octave, in which two vibradons of the upper note cor- 
respond to one of the lower; the second is the twelfth, in wbicb 
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tliree yibrations of the upper note correspond 1x> one of the lower; 
the third is the fifteenth, in which four yibrations of the upper 
note correspond to one of the lower ; the fifth is the nineteenth, 
in which six vibrations of the upper correspond to one vibration 
of the lower ; and, in fine, the seventh is the twenty-second, in 
which eight vibrations of the upper correspond to one vibration of 
the lower. 

These combinations (which possess other and important pro- 
perties) are called harmonics. 

One of the most remarkable properties of the harmonics is, that 
if the fundamental note be produced by sounding the open string, 
a practised ear will detect in the sound mingled with the funda- 
mental, the several harmonics to it, and more especially those - 
Which are in nearest accord with the fundamental note. Thus> 
the octaves will be produced ; but these are so nearly in unison 
with the fundamental note that the ear cannot distinguish them. 
The twelfth, or that which has three vibrations for one of the 
fiindamental note, is distinctly perceptible to common ears. The 
more practised can distinguish the seventeenth, or that which 
^brates five times more rapidly than the octave ; and some pre- 
tend to be able to distinguish the vibrations of the nineteenth, 
'which vibrates six times for one of the fundamental note. 

667. Bzperlineiital Terlfloatloii by Saaveur. — These phe- 
nomena have been explained and verified in a satisfactory manner 
by Sauveur, who showed that when a string is put into vibration 
it undergoes subordinate vibrations, which take place in its aliquot 
parts. Thus, if an edge touch the string gently, when in vibration, 
at its middle point, as represented in^^. 351., each half will con- 
tinue to vibrate independently. 
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Fig. 351. 



If the edge be in like manner applied at one third of the length, 
the vibration will still continue, each third part vibrating inde- 
pendently of the other ; and in fine, the condition of the entire 
string when left to vibrate freely, is represented in fig, 352., 
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where the subordinate vibrations produced in the aliquot parts of 
the string are represented. 
668. &lmit of tbe musioal sensibility of tbe ear. — Since 
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the pitch of a musical note depends on the number of vibrations 
produced per second, it follows that whenever two notes are pro- 
duced by a different number of vibrations per second, they will 
have a corresponding musical difference. Now a question arises 
as to the limits of the power of the ear to distinguish minute dif- 
ferences of this kind. For example, it may be asked whether two 
musical notes produced by vibrations differing from each other 
by only one in a million, that is to say, if, while one string make a 
million of vibrations, another string shall make a million and one, 
is the ear capable of perceiving that one note is more acute than 
the other P It is certain that no ear could discover such a 
difference, although it 'is equally certain that such a difference 
would exist. The question then is, what is the limit of sensibilitj 
of the ear. 

If two strings of the same wire were extended by equal weights 
on the monochord, and the movable bridges brought to coincide, 
so that the strings would be of precisely equal length, then it is 
certain that when struck they would produce the same note, 
since all the conditions affecting the vibration of the string would 
be identical. Now, if one of the bridges be moved slowly, so as 
gradually to lengthen the vibrating part of the string, the limit 
may be found at which the ear will begin to be sensible of the 
dissonance of the notes. The point thus determined may fix the 
limit of the sensibility of the ear. 

The comparative lengths of the two strings in such a case 
would indicate the different rates of vibration of which the ear is 
sensible. 

Sensibilitj' of praetlsed orffanlsts. — The result of such an 
experiment would of course be different for different ears, ac- 
cording to their natural sensibility, and to the effects of cultivation 
in improving their musical perception. Practised organists are 
able to distinguish between notes which differ in their vibrations 
to the extent of one in eighty. 

Thus, if a string of the monochord have 20 inches between the 
bridges, and the other 20^^ inches, their rates of vibration being 
then in the proportion of 80 to 81, the difference would be dis- 
tinguishable. Such an interval between two musical sounds is 
called a comma. 

But when the difference of the rates of vibration are much less 
than this, they cannot be distinguished by the ear. The notes on 
common square pianos are each produced by two strings, and on 
grand pianos by three strings struck simultaneously by tiie same 
hammer. In tuning the instrument, these strings are tuned 
separately, until they are brought as nearly to the same pitch as 
the ear can determine. When struck togeUier, however, a slight 
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dissonance will in general be perceptible, which is adjusted bj 
tuning one or the other until the sounds are brought into unison. 

Since, however, such unison is only determined by the ear, 
and since the sensibility of that organ is limited, it follows that 
the unison thus obtained can never be perfect otherwise than by 
chance. 

669. BKetbods of determining tbe absolute number of 
vibrations producing musical notes. — We have hitherto 
noticed only the relative rates of vibration of different musical 
notes. If the absolute number of vibrations per second, cor- 
responding to any one note of the scale, were known, the absolute 
number of vibrations of all others could be computed. Thus, the 
note which is an octave higher than the note proposed, would be 
produced by double the number of vibrations per second ; a note 
one fifth above it would be produced by a number of vibrations 
per second found by multiplying the given number by 3 divided 
by 2, and so on. In a word, the number of vibrations per second 
necessary to produce any given note would be found by multi- 
plying the number of vibrations per second necessary to produce 
the fundamental note by the fractions given in (664.) corre- 
sponding to the proposed note. 

670. Tbe Sirene. — An instrument of great ingenuity and 
beauty, called the Sirene^ has been supplied by the invention of 
M. Cagniard de la Tour, for the purpose of ascertaining the whole 
number of vibrations which correspond to any proposed musical 
sound. 

A tube of about four inches in diameter, represented at ff'tfig. 353., to 
which wind can be supplied by means of a bellows or otherwise through a 
pipe y \fy is terminated in a smooth circular plate v v\ stopping its end. In 
this plate, and near its edge, a number of small holes are pierced very close 
together, and disposed in a circular form, as represented in Jig, 354., the per- 
forations being made, not perpendicular to the plate, but in an oblique 
direction through it. Another plate of equal magnitude u «', and having a 
circle of holes precisely similar, is fixed upon this so as to be capable of 
revolving with any required velocity round its centre. As it revolves, the 
holes in the upper plate u u' correspond in certain positions with the holes 
in the lower plate v v' ; but in intermediate positions, the holes in the lower 
plate not corresponding with those in the other plate, the exit of the air 
from the tube//' is stopped. If, then, we suppose the upper of these two 
plates to revolve upon the lower, a current of air being supplied to the tube 
//' throughly', the air will escape where the holes in the superior plate 
correspond in position with those in the lower plate, but in intermediate 
positions it will be intercepted. The efiect will bi, that when the superior 
plate moves with a uniform velocity, there will be a series of puffs of wind 
allowed to escape from the holes of the inferior plate through those of the 
superior plate in uniform succession with equal intervals of time between 
them. Tliis succession of puffs will produce undulations in the air sur- 
rounding the instrument, and when their velocity is sufficiently increased 





is increised, [he pitch will become more elevated ) and, in ihort, ndi > 

Telocitj' may tie given to Cba anperior pUte 81 to make the instrament pre- 
daee a souad of any desired pitcb, acute ot grave. 

A sniall apparatui is connected with the superior plate, by whicli itJ 

j- — I revolotiona are conuted and indicated. This 
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] \ \,^j/\^ I \ drives the teeth of a small wheal r, lonneclel 

^ i" ': I by pioiona and wheelwork with another wheel t 

!j jj llieee irheela govern the motioa of handi npon 

A & small dials d if. Jig. 355. Thew hands being 

F'« Jil> brought to their respective zeroB at the cmh- 

mencement of the experiment, their poaltion at Ihe end aC any known ia- 

terval will indicate the number of pu^ of air which have escaped from tlia 

holes of the revolving plate u u' in the interval, and will conscqaenil.' 

determine the number of undulations of the air which correspond to Iht 

sound produced. 

A perspective view of thia inatrnnient is shown in fy. 356. 
Experlmenta. — VariouB series of interesting experiments kve 
been performed with tbia instrument by its inventor, which haie 
shown that it not only indicates the pitch of the note produced, 
but also that the timbre of the sound has a relation to the thick- 
ness of the revolving plate, and of the fixed plate over which ft 
turns, and with the space between the holes pierced in these platei. 
These conditions, however, have not been investigated with suffi- 
cient precision to supply any general principles. M. Cagniaid de 
U Tour thinks, nevertheless, that when the interval between the 
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wheel attached to the axis of <f , will determine the number of revolutions per 
second given to the wheel <f , and, consequently, the number of teeth of the 
latter, which, in a second, will strike the edge of the card. In this way, un- 
dulations of the air can be produced at the rate of 25ocx> per second. 

The sounds produced by this means are said to be clear, con- 
tinued, and distinct, and easily brought into unison with any 
musical instrument, since they can be produced at a uniform 
pitch for any desired interval of time. 

Since by the stroke of each tooth of the wheel d\ the card is 
made to move first downwards and then upwards, or vice versa, 
it is clear from what has been explained that., for each tooth of 
the wheel d* which passes the card, a condensed and a rarefied 
wave of air will be [)roduced. 

In the sound, therefore, which results there will be as many 
double vibrations, that is to say, undulations, including each a 
condensed and rarefied wave, as there are teeth of the wheel (f 
which pass the card ; and to ascertain the number of such double 
vibrations corresponding to any note, it will be only necessary to 
observe the number of teeth of the wheel rf' which passes the card 
when the sound produced by the instrument is brought into 
unison with the proposed note. 

672. Tl&e absolute rates of TibratloB of mnateal notes 
ascertained. — By accurate experiment, made both with the 
Sirene and with the instrument of M. Savart, it has been found 

that the a of the treble clef or ft '* is produced by imparting 

undulations to the air at the rate of 880 single vibrations, or 
440 double vibrations, per second. By single vibration is here 
to be understood condensed waves only, or rarefied waves only ; 
and by double vibration, the combination of a condensed and 
rarefied wave. It is more usual to count the vibrations, taking 
the latter, or the double vibration, as the unit, and we shall 
therefore here adopt this nomenclature ; and it may therefore be 
stated, in this sense, that the a of the diapason, the note usually 
produced by the sounding fork for determining the pitch of 
musical instruments, is produced by imparting to the air 440 
undulations per second. 

It must be stated, however, that some slight departure from 
this standard prevails in different established orchestras. Thus, 
it is estimated thnt the pitch of this note in the under-mentioned 
orchestras, is produced by the number of vibrations per second 
exhibited below : — 

Orchestra of Berlin Opera .... 4}7*]a 

„ Acndemie de la Musique. Paris - > 43i'34 

„ Opera Comique, Paris ... 4x7*01 

„ lulian Opera, Paris ... 414*14 
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Tha munber of vibnitiaiu comapoDding to oil the other notes of tbe 
musical scale m»y be computed by the reeult here obtained, combined with 
the relative nsmbon of vihratlooB giren in (664.), Thua. if it be desired (0 
nnmbBT of vibratloaa per second correspoiidlng to the fUndi- 

will be onlf neceuuy to divide 4411, the number of 

: , by the fraction ^, or what is the same, to 

divide it bj to, and multiply the quotient by j. The number <rf vibrations, 
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673. TnnlnK tWh. — Tu determine the pitch ai 
ments should be tuned, and to be enabled, as it wei 
s given pitch from place to place, 
/ark or diapaton haa been contrived, 
elastic steel bar, bent into the form of a fork, and mounted upon 
a handle. If either of its prongs be smartly struck upon anj 
hard surftce, they will both begin to vibrate, and if held near 
tbe ear, will produce the perception of a musical note ; and so 
long aa the fork remaina unaltered, this note will be always the 
aame. It may be also put in vibration by drawing up between 
the prongs any bar thicker than the space between them, as 
shown in the figure. The sound will be rendered more audible 
if the handle of the fork, while in vibration, be pressed upon any 
s body such as a board or thin box. 

In its original construction, the 
fork is regulated so as to produce 




a particular 



_[, J, usually fe^^ri3 

When tuning forks are required, hav- 

11 has been genersll;' found necessary 
to provide a aeparale fork far each piloh, 

Mr. Daniel Klein, of (lie establishment 
of Mr. Erard, ul Paris, has found means 
to vary within the necessary limits the 
pitch of the same fork. He accomplishes 
this by means of a small brass clamp, 
which slides upon one of the prongs, as 
shown in j{;. 359., and which can be fixed 
in Its posilion by means of a clamping 
screw: by varying the place of this 
upon (he ptong, the pilch of the fork 
can be raised and lowered. Tdarlis are 
engraved upon the prong, ihowing the 
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position which the clamp most have, so as to correspond with the pitch 
adopted by each of the principal orchestras. 

674. Sanf • of musleal •eusibUltj' of tbo oar. — On a 

seven octave pianoforte the highest note in the treble is three 



p 



octaves above fc n . and the lowest note in the bass is four 




octaves below it. The number of complete vibrations corre- 
sponding to the former must be, therefore, 

440x2x2x2 = 3520; 

and the number of vibrations per second corresponding to the 
latter is 

4i2 =i^-27^ 

2x2x2x2 16 f^' 

Now, since all ordinary ears are capable of appreciating the 
musical sounds contained between these limits, it is clear that the 
range of perception of the human ear is greater than that of such 
an instrument, and that, consequently, this organ is capable of 
distinguishing sounds produced by vibrations varying from 27 to 
3520 per second. 

675. It has been generally assumed that the lowest of these 
notes constituted the most grave musical sound of which the ear 
is sensible ; but Savart has shown, by a series of experiments 
remarkable for their conclusiveness, that the organ of hearing 
has a wider range of sensibility. For this purpose he substituted 
for the toothed wheel d\Jig. 357., a simple bar of iron or wood, 
which was made to revolve round its centre in the same manner 
as the toothed wheel. Two plates of wood were placed on each 
side of the bench, as represented in^. 358., and were so adjusted 
that the revolving bar passed nearly in contact with them. At 
each transit of the bar near their edges an explosive sound was 
produced, of deafening loudness. The loudness was found to be 
a maximum when the distance of the bar from the edges of the 
plates was from the 4000th to the 8000th of an inch. When the 
bar was moved very slowly, these were recognised by the ear as 
distinct and successive sounds ; but when a velocity was imparted 
to it which produced from seven to eight sounds, per second, the 
sound became continuous, and was recognised as a musical note 
of great depth in the scale. It was rendered evident, therefore, 
from this experiment, that the ear is capable of appreciating 
musical sounds produced by from seven to eight complete vibra- 
tions per second. 

676. To determine, on the other hand, the limit of the sensi- 
bility of the ear for acute musical sounds, Savart increased the 
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diameter of the wheel d\fig. 357.) so as thus to impart a more 
rapid motion to the teeth. In this way he found that musical 
sounds were distinctly recognised produced by 24000 complete 
undulations per second. 

By this experiment it was, therefore, established that the range 
of sensibility of the ear for musical sounds extended from 7 vibra- 
tions to 24000 per second. 

Savart, however, maintains that these limits are not the extreme 
ones of the susceptibility of the ear. 

677. Xienfftli of tbe waves oorre«poii4linr to musical 
miitmmm — It has been already shown, that by the combination of 
the velocity of sound with the rate of undulation, the length of 
the sonorous waves corresponding to any given note can be deter- 
mined. 



Thus, if we know that 440 undulations of the note fe . n : strike the ear 

in a second, and also that the velocity with which this undulation passes 
through the air is at the rate of 1120 feet per second, we may conclude that 
in 1 1 20 feet there are 440 complete undulations; consequently, that the 
length of each such undulation is 

113? = 2-54 feet. - 
440 

By a like calculation, the length of the sonorous waves corresponding to 
all the musical notes can be determined. 

To find the length of the sonorous waves corresponding to the highest 
and lowest notes of a seven octave pianoforte, we are to consider that the 
highest note has been shown to be produced by 3520 vibrations per second ; 
the length of each variation will, therefore, be 

'i^. 0-318. 
3520 

The number of vibrations corresponding to the lowest note is 27*5 ; the 
length, therefore, of the sonorous undulation will be 

ii22- 4073 feet 

To find the length of the vibrations corresponding to the gravest note 
produced in Savart's experiments, we must divide 11 20 by 7; the quotient 
will be 160 feet, which is the length of the undulation required. 

678. Applioatton of tbe Sir^ne to comit tbe rate at wbieb 
tbe winffs of Ineecte move. — The buzzing and humming noises 
produced by winged insects are not, as might be supposed, vocal 
sounds. They result from sonorous undulations imparted to the 
air by the flapping of their wings. This may be rendered evident 
by observing, that the noise always ceases when the insect alights 
on any object. 

The Sir^ne has been ingeniously applied for the purpose of m 

CO 3 
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certaining the rate at which the wings of such creatures flap. The 
instrument being brought into unison with the sound produced 
by the insect indicates, as in the case of anj other musical sound, 
the rate of vibration. In this way it has been ascertained that 
the wings of a gnat flap at the rate of 1 5000 times per second. 
The pitch of the note produced by this insect in the act of flying 
is, therefore, more than two octaves above the highest note of a 
seven octave pianoforte 



CHAP. IV. 

VIBRATIONS or BODS AND PI.ATSS. 

679. Vlbratton of roOs. — Among the numerous results of the 
labours of contemporary philosophers, some of the most beautiful 
and interesting are those which have attended the experimental 
researches of Savart, made with a view to determine the pheno- 
mena of the vibration of sonorous bodies, some of which we have 
already briefly adverted to. Although these researches are too 
complicated, and the reasoning and hypotheses raised upon them 
are not sufficiently elementary to be introduced with any detail 
into this volume, there are nevertheless some sufficiently simple to 
admit of brief exposition, and so interesting that their ombsion, 
even in the most elementary treatise, would be unpardonable. 

The vibration of thin rods, whether they have the form of a 
cylinder or a prism, or that of a narrow thin plate, may be con- 
sidered as made transversely or longitudinally. If they are made 
transversely, that is to say, at right angles to the length, they will 
be governed by nearly the same principles as those which have 
been already explained as applicable to elastic strings. 

680. Let us suppose a glass tube, about seven feet long, and 
from an inch to an inch and a half in diameter, to be suspended in 
equilibrium at its middle point. Let one half of it be rubbed 
upon its surface, in the direction of its length, with a piece of damp 
cloth. The friction will excite longitudinal vibration, that, with 
a little practice, may be made to produce a musical sound, which 
will be more or less acute, according to the force and rapidity of 
the friction. 

It will be found that the several sounds which will be sue* 
cessively produced by thus increasing the force of the friction, 
will correspond with the harmonics already explained in (666.)! 
that is to say, the rate of vibration of the lowest of these ton&i 
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Qg espressed \if I, ittti of the next above it trill be expreesed 

2, and will tberefore be the octave; tbe next will be expreased 

3, and will therefore be the twelfth; and the next by 4, which 
J therefore be the fifleenth. 

[f the same experiment be performed with long rods of anj 
m, aud of any material whatever, the same reeult will be 
ticed. When rod» of wood are uaed, instead of a moistened 
ith, a cloth coated with resin may be employed. It is found 
It rods, composed of the same material, will always emit the 
lie notes, provided they are of the same length, whatever be 
HT depth, thickness, or form, provided only that their length be 
nsiderable compared with their other dimengions. 
681. Wanoje'i barp- — '^his instrument, represented in ^. 
■o., consists of twenty thin deal cylindrical rods of decreasing 
length, and bo regulated 
that the notes they pro- 
duce shall be those of the 
musical scale, the half notes 
being distinguished by co- 
loured rods like the black 
keys of a pianoforte. 

The roda »rB sounded by 
preasing them between the 
fini^er and ibumb, previously 
rubbed wilb powdered roein, 
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68z. WoOal poinM. — 

Wei'e it possible to render 
visible llie state of vibra- 
tion of each point of the 
surface of these rods, it 
would be found that the 
degree of vibration would 
vary from point to point, 
and that at certain points 
<li8tributed over the sur- 
face of these rods there 
*"'<■ !*>• would be no vibration. 

These nodal points, as they 
e been calleil, are distributed according to certain lines sur- 
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But it is eyident that motions so minute and so rapid as these 
vibrations, cannot be rendered directly evident to the senses. 

683. The following ingenious method of feeling the surfice 
while in vibration, and ascertaining the position of the nodal lines, 
was practised with signal success by Savart. A light ring of paper 
was formed, having a diameter considerably greater than that of 
the tube or rod. This ring was suspended on the tube, as repre- 
sented in^. 361. 



The tube, which we shall suppose here, as before, to be formed of 
and of the same dimensions as already explained, being suspended on its 
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^ 

Fig. 361. 

central point, and put in vibration, as already described, by friction pro- 
duced upon that half of the tube on which the ring is not suspended, it 
will be found that the vibration of the tube will give the ring a jumping 
motion which will throw it aside, and cause it to move to the right or left, 
as the case may be, until it shall arrive at a point where it shall remain at 
rest, its motion as it approaches this point being gradually diminished. At 
this point it is evident that there is no vibration, and it is, consequently, a 
nodal point. 

IaX this point be marked upon the glass with ink, and let the tube be 
then turned a little round on its axis, so as to bring the point thus marked 
a little aside from the highest position which it held when the ring rested 
upon it. Let the tube be now again put in yibration, so as to produce the 
same note as before. The ring will be again moved, and will find another 
point of rest. 

Let this point be marked as before, and let the tube be again turned, and 
let the same process be repeated, so that a third nodal point shall be deter- 
mined. By continuing this process, a succession of nodal points will be 
found following each other round the tube, and thus a nodal line will be 
determined. 

This process may be continued until the entire coarse of the nodal line 
shall be discovered. 

Experiments conducted in this way have led to the discovery 
that the nodal lines surrounding the tube have a sort of spiral or 
screw-like form, represented in fig, 361. The course is not that 
of a regular helix, since it forms, at different points of the surface 
of the tube, different angles with its axis, whereas a regular helix 
will at every point form the same angle ; but this variation of the 
inclination of the nodal line to the axis is not irregular, but luider- 
goes a succession of changes which are constantly repeated, so that 
each revolution of the nodal line is a repetition in form of the 
last. 

If the ring be now suspended on the other half of the tube, a 
similar nodal curve is formed, which is not, however, a continuation 
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yf the former. The two spirals seem to have a common origin at 
the end, and to proceed from that point, either in the same or 
contrary directions, towards the other end of the tube. 

684. Savart examined also the position of the nodal line on the 
nner surface of the tube, by spreading upon it grains of sand, or 
I small bit of cork. These were put in motion in the same manner 
IS the ring of paper by the vibration, and were brought to rest on 
wriving at a nodal point. A series of nodal lines similar to the 
jxterior system was discovered. 

When the friction is increased so as to make the tube sound the 
larmonics to the fundamental note, the spirals formed by the nodal 
ine are reversed two, three, or four times, according to the order 
)f the harmonic produced. 

685. In the case of prismatic rods or flat laminae, the nodal 
3urves are still spirals, but more irregular and complicated than 
in the case of tubes or cylinders. 

The vibrations of thin plates were produced and examined by 
the following expedients: — An apparatus was provided, repre- 
iented in^^. 362. A small piece of metal a, having a form slightly 

conical, is fixed in the bottom 
-^ ^^ of a frame, and at its upper 

P\ surface a piece of cork, or 

buffalo skin, is fixed to inter- 
cept vibration. A corre- 
sponding cylinder is moved 
Fig. 361. vertically, directly above it, 

by a screw, which plays in 
he frame &, and which is also covered at its extremity with a piece 
•f cork. 

When the screw is turned, the two extremities can be brought 
nto contact, so as to press between them with any desired force 
ny plate which may be interposed. 

An elastic plate, the vibration of which it is desired to observe, 
J inserted between them, and held compressed at any desired 
(oint by turning the screw. The plate thus held can be put in 
ibration by means of a violin bow, which being drawn upon its 
dge, clear musical sounds may be produced, and brought into 
nison with those of a pianoforte, or other musical instrument. 
To ascertain the state of vibration of the different points of the 
urface of the plate, sand or other light dust is spread upon it, to 
'hich motion is imparted by the vibrating points. Those points 
^hich are at rest, and which are therefore nodal points, impart no 
lotion to the grains of sand which lie upon them, and those which 
re upon the vibrating points are successively thrown aside, until 
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they reach the lines of repose or nodal linee, where at length ikej 
settle themBelves. 

When a, musical sound of a uoifbrm pitch has, therefore, been 
continued for anj length of time, the disposition of the gruDs tf 
sand upon the plate will indicate the position and direction of the 
nodal lines. 

686. XmMral vlbntttons of rods or plaMi. — An easjeipe- 

riinental method of determining the laws which govern thene, i> 

indicated in J^. 363 7he rod or plate being held at one end b; 

a, vice, the length of the rod nay be 

varied at pleasure. 

6S7. When eiperimenCa of tills 
kind were multiplied to sooie «i- 
teitt, it became apparent that (he 
nodal lines assumed such varied aai 
complicated forms that it was diffi- 
cult to deliaeate them with accunc; 
by the common methods of drawing. 
An ingenious expedient saggeitcd 
itseif to Sftvart, by which faesiniile! 
of all these figures were obtained. 
Instead of sand, he used litmus 
luiKed with gum, dried, reduced to 
a fine powder, and passed througb 
a sieve, so as lo obtain gruus of 
equal and suitable magnitude. Thii 
coloured and hygrometrlc powder 
he spread upon the vibrating ptale). 
and when it hod assumed the form 
^'<- 1^' of the nodal lines, he applied \o the 

pistes with gentle pressure damp 
paper, to which the coloured powder adhered, and which, there- 
fore, gave on exact impression of the form of the nodal lines. 

In this manner he was enabled to feel, as it were, the ststeof 
vibratioD of the different parts of the plate, and to aacertiun "itli 
precision the lines of no vibration, or the nodal lines, which Bqx- 
rated from each other those parts of the plate which vibnUed 
independently. 

In this way many hundred experiments were made, and exact 
diagrams obtained representing the condition of tbe vibratiug 

688. One of the consequences which most obviously followed 
from these experiments was, that the nodal lines became moreind 
more multiplied the more acute the sound was which the pisle 
produced. This coosei^uence was one which might have been 
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icipated from the analogy of the nodal lines of the plate to 
nodal points of the elastic string. It has been already shown, 
t with a single nodal point in the middle of the string, the oc- 
3 to the fundamental note is produced ; that when two nodal 
[Its divide the string into three equal parts, the twelfth is pro- 
sed ; that when three nodal points divide the string into four 
al parts, the fifteenth is produced, and so on. What the sub- 
isions of the string are to the notes produced by its vibrations, 
subdivisions of the surface of the vibrating plate by the nodal 
!8, are to the note which it produces ; and it was consequently 
ural to expect, that the higher the note produced, the more 
Itiplied would be the divisions of the plate. 
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Fig. 364. 

89. Ourioiui Idrmfl of the nodal llnefl. — But a circumstance 
nding these divisions not less curious than their number was 
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their form, for which do analogy existed in the vibration of strings. 
It would be impossible here to give any definite notion of the 
infinite variety of which these nodal figures are susceptible; they 
change not only with the pitch of the note produced, but also witii 
the form and material of the plate, and the position of the point 
at which it is held in the instrument, represented in fig. 362. It 
will not, however, be without interest to give an example of the 
variety of figures presented by the nodal lines produced upon 
the same square plate. These are represented in the series of 
figures 364. 

Similar experiments, made on circular plates, showed that the 
nodal lines distributed themselves either in the direction of the 
diameter, dividing the circle into an equal number of parts, or in 
circular forms, more or less regular, having the centre of the plate 






Fig J65. 

at their common centre, or, in fine, in both of these combmed. In 
the annexed series of figures 365. are represented some of the 
varieties of form thus obtained. 



CHAP. V. 



VIBRATIONS or FLUIDS. 



690. Floidflv whether in the liquid or gaseous state, have been 
liitherto considered merely as conductors of sound, their sonorous 
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undulations having been derived from the vibratory impulses of 
solid bodies acting upon them. 

Fluids themselves, however, are capable of originating their own 
undulations, and consequently must be considered not merely as 
conductors of sound, but likewise as sonorous bodies. 

If the Sircne of Cagniard de la Tour, already described, be sub- 
merged in water, and made to act as it has been described already 
to act in air, the pulsations of the water will produce a sound. In 
this case, the origin of the sound is the action of the liquid upon 
itself. The successive movements of the liquid through the holes 
in the circular plate of the Sircne are the origin of the sonorous 
undulations which are transmitted through the liquid. 

Sounds produced by oomxnunlcatlOB. — It is well known 
that vocal sounds are increased in loudness and force when they 
are produced at the mouth of any cavity of sufficient extent, depth, 
and proper form. In that case the vibrations imparted by the 
vocal organs to the air contiguous to the mouth are propagated to 
the air in the cavity, the vibrations thus communicated increasing 
in a very remarkable manner the loudness of the sound. 

Vitruvius relates that in the ancient theatres, which were of 
vast magnitude, this expedient was adopted to give increased force 
to the voice of the actor, round whom hollow vessels were dis- 
posed in the decorations of the scene, so as to elude the notice of 
the audience, which, by the communicated vibrations of the con- 
tained air, rendered the voice of the actor distinctly audible in the 
remotest parts of the theatre. 

In modern opera houses, the stage itself, when mounted with a 
flat scene at the back, has this effect, and in certain parts of the 
house the audience can hear the voice of the prompter almost as 
distinctly as the notes of the artist. The prompter's seat is roofed 
with a sort of arched hood, from the surface of which the sounds 
he produces are reflected to the flat scene at the back of the stage, 
from which they are again reflected to those parts of the house 
where they are heard. The practical proof of the truth of this 
explanation will be found in the fact, that the prompter imme- 
diately ceases to be heard when the flat scene is withdrawn, and 
the entire depth of the stage thrown open. 

To reduce the phenomena of communicated vibrations to more 
regularity, Savart contrived the apparatus shown in Jig. 366., 
consisting of two cylinders sliding one within another, like the 
tubes of a telescope, one of which is open at both ends, and the 
other only at one end. By drawing the closed cylinder in and 
out, the depth of the open cylinder can be varied at pleasure. The 
cylinders are mounted upon a Qradle or hinge joint upon the 
summit of a vertical pillar fixed in a bar, which slides horizontally 
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in its base. A vase made of bell metal is mounted on a vertical 
pillar, at a height corresponding with that of the mouth of the 




Fig. 366. 

cylinder, so that the latter can be moved to or from the vase at 
pleasure, and can be inclined so that the mouth shall be more or 
less obliquely presented to the vase. 

If the vase be put in vibration, either by the blow of a hammer 
or by drawing over its edge the bow of a violin, a musical sound 
will be produced, which, being communicated to the air in the 
cylinder, will impart vibration to it. But to render this fully 
effective, it is necessary to vary the length of the cylinder by 
drawing the closed cylinder in and out, until it has that length 
which corresponds to the note produced by the vase. 

69 1 . HTlnd instmments. — Innumerable examples might be 
found of sonorous undulations produced by air upon air. The 
Sir^ne itself, which has been already expl^ned, forms an example 
of this, and at the same time indicates the manner in which the 
pulsations are imparted to the air. All wind instruments what- 
ever are also examples of this. The air, by the impulses of which 
the sonorous undulations are produced, pi*oceeds either from a 
bellows, as in the case of organs, or from the lungs, as in the case 
of ordinary wind instruments. The pitch of the sound produced 
depends partly upon the manner of imparting the first movement 
to the air, and partly on varying the length of the tube containing 
the column of air to which the first impulse is given. 

When the tube, as is generally the case in instruments of music, 
has a length which is considerable in proportion to its diameter, 
the gravest note which it is capable of producing is determined 
by a sonorous undulation of its own length. By varying the em- 
bouchure, and otherwise managing the action of the air on enter- 
ing the tube, notes may be produced which are harmonics to the 
/undamental notes determined by the length of the tube. 
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When these harmonics are produced, nodal points will be 
formed in the column of air included in the tube ; and if the tube 
were divided, and capable of being detached at these nodal points, 
the removal of a part of the tube would not alter the pitch of the 
note produced. 

In wind instruments in which various notes are produced by 
the opening and closing of holes in their sides by means of the 
fingers or keys, there is a virtual variation in the length of the 
sounding part of the tube, which determines the pitch of the 
various notes produced. In some cases, the length of the tube is 
varied, not by apertures opened and closed at will, but by an 
actual change of length in the tube itself. Examples of this are 
presented in some brass instruments, and more particularly in the 
trombone. 

692. Although the length of the column of the air included in 
the tube of a wind instrument alone determines the pitch of the 
note, its timbre depends in a striking and important manner upon 
the material of which the tube is composed. 

693. It is well known that organ builders find that the quality 
of tone is so materially connected with the quality of the material 
composing the tube, that a very slight change in the alloy com- 
posing a metal tube would produce a total change in the quality 
of the tone produced. The excellence of an organ depends in a 
great degree upon the skill with which the material of the tubes, 
whether wood or metal, is selected. 

694. Orffan pipes. — The general principles explained in the 
preceding paragraphs are illustrated in a striking manner by the 
effects of organ pipes. These are of two sorts, called mouth pipes 
and reed pipes. 

A mouth pipe consists of 9.fooU which is a hollow cone receiving the wind 
by which the pipe is sounded, from an air chest, in which the air is com- 
pressed by a bellows. To this foot is attached the body of the pipe, which is 
either square or round, the length always having a considerable proportion 
to its diameter. At the place where the body of the pipe is connected with 
the foot, there is an arrangement by which the quality of the sound produced 
by the pipe is determined. 

This arrangement consists of an oblique opening a' {fig. 367.) leading from 
the foot c' by which the air enters, immediately above which is a lateral 
opening in the body of the pipe bounded by an edge b\ against which the 
air escaping from a! strikes. The edges a' and h' are called the lips, a' being 
distinguished as the lower and b' the upper. A front view of the pipe, 
showing the upper lip 6, the lower lip a, and the foot c, is shown in 

fig. 368. 

Organ pipes are generally either square or circular in their transverse 
section ; the wooden pipes being square and the metal circular. A section 
of a square pipe is given mfig. 369., and front and side views of a circular 
pipe are given iiifig». 370, 371. 
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In Jig, 372. the embouchure is so formed that the upper lip 5 is morablet 
M> that the effects of varying the magnitude of the openiiig can be ascertained 
experimentally. 




jr 



Fig. 367. Fig. 368. Fig. J69. ^g. J70. Fig. 371. Fig. 371. 

The air entering through c rushes through the mouth, where it encountern 
the edge of the upper lip fc, which partially obstructs it. The part which 
passes up the pipe produces a momentary compression of the column of air 
within the pipe against which the increased elasticity reacts, and this goes 
on producing in the whole length of the pipe an alternate compression and 
expansion, from which results a specific sound. 

The pitch of the pipe is ascertained experimentally by the 
bellows and air chest, shown in Jig. 373, The bellows is worked 
by means of a pedal, the air being driven up to the air chest 
through the pipe. The air chest is pierced with a dozen holes, 
which are stopped by valves, opened by a row of keys. 

When it is desired to try a pipe, the foot of the pipe is inserted 
in one of the holes ; and when tne corresponding key is pressed 
down, the valve being opened and air admitted to the pipe, the 
note is produced. Two or more such pipes may be placed upon 
the air chest, so as to be sounded together, and tuned one with 
another, in the same manner as are the notes of a pianoforte. 

The quality and timbre of the note produced will vary with the 
form of the lips and magnitude of the mouth. Thus the mouth 
represented in ^g. 369. is diflferent from that shown in Jig, 368. 
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So long, however, as the length of the tube remitins unaltered, the 
Eote produced c«ii undergo no other change than that of passing 
_ to a higher or lower octave. 

If the tube be opened at the 
upper end, and the air admitted 
slowly into it, a certain nota 
will be produced called its 
fundamental note, being the 
lowest which it is capable of 
producing. If the force of the 
air be increased, or the magni- 
tude of the mouth or form of 
the lips be varied, the note pro* 
duced may change; but such 
change will always be to one, 
two, or more octaves above the 
fundamental note. Thus, if the 




b,|^, 



fundamental note 

by increasing tie force of the 
wind or modifying the mouth 
or lips, the pipe will produce 

further modification of the same conditions will 

on { but no modification 

which can possibly be produced, either in the force of the wind 
or in the form of the mouth or Ups, can ever make the pipe 
produce any intermediate note, or any octave lower than the fun- 
damental note. 

If the diameter of the pipe be greater than the tenth or 
twelfth part of its length, it will be very difficult or wholly im- 
practicable to produce from it the fundamenlal note, the note 
produced being always one or more octaves above it. This is 
the reason why organ pipes necessarily are diminished in their 
diameters, in the same proportion aa they are diminbhed in their 
lengths. 

The length of a pipe which is open at the upper end, is that 
of the sonorous wave, which eorrespoiids to ils fundamental note. 
If the octave to the fundamental note be sounded, two sonorous 
waves will be produced in the pipe, and the note produced will be 
the fundamental note of a pipe of half the length. If the note 
produced be two octaves above the fundamental note, three waves 
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will be produced in the pipe, and the note will be the fundamental 
note of a pipe one third of the length, and so on. 

If the pipe be closed at the top, the series of octaves produced 
by similarly varied conditions will be the alternate octaves ; the 
first being the second above the fundamental note; the second 
the fourth, and so on. 

The points of separation of the sonorous waves thus produced 
in each case in the column of air enclosed within the pipe can be 
demonstrated experimentally by means of a pipe constructed like 
that represented in fig, 372., in which, by means of sliding pieces, 
openings can be made at any desired points in the length of the 
tube. When an opening is made at the point of separation of the 
successive undulations, such opening will produce no change in 
the note. Thus, when the note produced is an octave above the 
fundamental note, an opening may be made at the middle point 
of the length. If it be two octaves, openings may be made at the 
two points, which divide the whole length into three equal parts, 
and so on. 

The smallest metal pipes are made of tin, .and are open at the 
top, producing the highest notes. The larger metal pipes are 
made of pewter, the shortest being open, and the loiigest stopped; 
the medium ones being partly stopped. 

695. Seed pipes. — A reed is, in general, a thin oblong plate 
of some vibratory material, attached to an opening in such a man- 
ner that a current of air can pass into the opening, grazing, as it 
passes, the edges of the reed. 

Let p, jig, 374., represent, for example, an oblong plate of zinc or copper 
about an eighth of an inch in thickness, along the centre of which an oblong 
aperture is cut. At one end t of this aperture a thin and very elastic plate 
of metal e/is fastened, which nearly but not altogether covers the aperture. 
Air rushing through the space around the edges of e/^ will cause it to 
vibrate, and this vibration will be imparted to the air in contact with it 
This is the most simple form of reed, and the sound may be produced with 
it by merely applying the plate g to the lips and forcing the breath through 
the opening. 

The reed commonly used in organ pipes depends upon the same principle, 
but is otherwise arranged. The parts are shown in fig. 375., consisting of 
two tubes d and c joined end to end, and separated by a piece a, which stops 
the passage between them. The reed h passes under this piece a. This part 
of the pipe is represented in detail in fig. 376., where the oblong opening 
covered by the reed a, and the sliding piece h connected with the rod e, by 
which the length of the reed can be regulated at pleasure, are shown. The 
reed covers in this case an oblong opening in a prismatic metal tube supposed 
to be closed at its lower end. The opening establishes a commnnicatioa 
between the two tubes placed above and below the stopper. The reed in its 
natural position very nearly closes the oblong opening ; that is to say, it fits 
it, so that when pushed in or drawn out, it grazes with it» three free edges 
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In certain pipes there are reeds somewhat diSerentl)' coiutructed, 
which give a particular quality to the note. One of these is re- 
pi-esented ill j^i. 377, 3^8, 379., and it diflera from the former 

1^ II f I 



inasmuch as the reed does not posa through the aperture, but presaes 
upon its edges. 

The mouth pieces of bassoons, hautboys, clarioneta, &c,, are 
onlj different forms of the application of the reed. In these cases, 
the pressure of the lips determines the length of the vibrating 
part of the reed, just as the piece b does in^. 376., and in 
M 378. 
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' 696. The height of an organ is usually expressed and deter- 
mined by the length of its longest pipes, or those which produce 
its longest notes. Among the existing instruments of this class, 
the most celebrated is that of Haarlem, built, in 1 748, by Christian 
Muller ; its height is 1 03 feet, and its breadth 50 feet. The gi*eat 
organ has 1 6 stops ; the upper one 1 5 ; and the quire one 1 4 ; and 
there are 1 5 stops connected with the pedals. It includes 5000 
pipes ; each pair of bellows is 9 feet long and 5 feet broad. 

In the cathedral of Ulm is an organ whose largest pipe is 93 
feet high, and 1 3 inches diameter. 

697. The three largest English organs are those in York Minster, 
Birmingham Town Hall, and Christchurch, London. The York 
organ has 24 stops in the great organ, and 10 in the quire organ. 
The pedal organ has 10 stops; two octaves, varying from 32 feet 
to 8 feet; 32 feet open diapason in metal, wood, and trumpet, 
There are in the organ 4089 pipes, in 50 ranks. - 

The Birmingham organ contains the following stops : three open 
diapasons to 1 6 feet c ; double and stop diapason ; two principals 
of metal, and two of wood ; a twelfth and two fifteenths of metal, 
and one of wood. A reed fifteenth, 4 feet; posaun, 16 feet; 
trumpet, 1 6 feet ; clarion, 8 feet ; sesquialtra, 4 ranks ; mixture, 
4 ranks ; two octaves of German pedals, 32 feet metal ; open dia- 
pason to 8 feet c ; 3 2 feet wood, ditto ; 2 octaves of pedal trum- 
pets, 16 feet to 8 feet c. 

There are a variety of other practical details in this magnificent 
instrument which we have not space here to enumerate. 

698. The sound produced by a jet of hydrogen, directed in a 
glass tube, forms a remarkable example of the 
manner in which the sonorous undulations of air 
would be produced by movements originating iu air 
itself. 

This apparatus, the explanation of the principle of which 
is due to M. de la Hive, consists of a small glass vessel in 
which hydrogen is generated in the usual w&y, by the action 
of acid on zinc or iron. A funnel and stopcock a, fg. 380., are 
provided, by which the supply of the acid may be renewed. 
A pipe proceeds from the centre of the top of the vessel fur- 
nished with a stopcock c, in which a small tube is inserted 
terminating in a very small aperture, from which a fine jet of 
the gas escapes when the stopcock is opened, and a sufficient 
pressure produced by the accumulation of gas witliin the 
vessel. The jet proceeding from / in this manner being in- 
flamed, a glass tube of considerable length and having a 
diameter of about two inches is held over it, so that the jet is 
Fig. 38a made to burn at some distance above the lower end of the 
tube. A musical sound will thus proceed from the air within 
the tube, the intensity of which will depend upon the length of the tube. 
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• This effect is explained as follows : The vapour which is the first 
product of the combustion of the hydrogen fills a portion of the 
tube above the fiame, and excludes from it the air, but the cold of 
the tube soon condenses this vapour, and a vacuum is produced, 
into which the air rushes with a rapid motion. This effect being 
repeated by the continuance of the combustion of the hydrogen, a 
corresponding undulation is produced in the column of air in the 
tube, and a musical sound is the result. 

699. Bcboes. — It has been already shown, that when undula- 
tions propagated through a fluid encounter a solid surface, they 
will be reflected from it, and will proceed as though they had 
originally moved from a different centre of undulation. 

Now, if this take place with the sonorous waves of air, such 
waves encountering the air will produce the same effect as if they 
proceeded, not from the surrounding body which originally pro- 
duced them, but from a sounding body placed at that centre from 
which the waves thus reflected move. Upon these principles 
echoes are explained. 

If a body, placed at a certain distance from the hearer, produce 
a sound, this sound would be heard first by means of the sonorous 
undulations which produced it proceeding directly and uninter- 
ruptedly from the sonorous body to the hearer, and afterwards by 
sonorous undulations which, after striking on reflecting surfaces, 
return to the ear. The repetition of the sound thus prodifced is 
called an echo. 

To produce an echo it will be necessary, therefore, that there 
shall be a suflicient magnitude of reflecting surface, so placed with 
respect to the ear, that the waves of sound reflected from it shall 
arrive at the ear at the same moment, and that their combined 
effect shall be suflficiently energetic to affect the organ in a sensible 
manner. 

If, for example, the sounding body be placed in a focus f of an ellipse, as 
represented mfig. 381., the hearer being at the other focus r*, the sound will 
be first heard by the effect of the undulations, which are produced directly 
along the line f f', from one focus to the other. But it will be heard a little 

later by the effect of the waves, which, 

diverging from the sounding body at f, 

strike upon the elliptic surface, and are 

reflected to the other focus f', where the 

hearer is placed. The interval which 

elapses between the sound and the echo 

in this case will be the time which sound 

takes to move through the difference be- 

Fig- 381. tween the direct distance f f', apd the 

sum of the two distances at any point in the ellipse from the foci f f'. It 

has been already explained that the sum of these two distances is always 

the same wherever the point of reflection may be, being equal to the major 
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p-rlii of the etliptie. It is for this reason that all the reflected rays of sound 
from every part of the ellipse will meet the ear placed at f' at the same 
moment, since they will take the same time to move over the same distance. 
If the reflected surface were not elliptical, or if, being elliptical, the hearer 
were not placed at the fucus f', then the sum of the distances of the different 
points of the reflecting surface from the ear would be difierent, and the 
reflected rays of sound arriving fVom diflbrent points of the surface, would 
reach the ear at different moments of time. In this case, each ray of sound 
would be too feeble to produce sensation, or a confused effect would be 
produced. 

It is not necessary that the elliptic surface reflecting the sound should be 
complete. If different portions of the reflecting surface, ti, b, c, d^ e, fi 
fig. 381., be so placed that they would form part of the same ellipse, they 
will still reflect the rays of the sound to the other focus of the ellipse; and 
if they are so numerous or extensive as to reflect rays of sound to the ear in 
sufficient quantity to affect the sense, an echo will be heard. 

700. If surfaces lie in such a position round the points f and f', 
that these points shall be at the same time the foci of different 
ellipses, one greater than the other, a succession of echoes will 
ensue, the sounds reflected from the greater elliptic surface 
arriving at the ear later than those reflected from the lesser. The 
interval between the successive echoes in such a case would be the 
time which the sound takes to move over a space equal to the 
diff*erence between the major axes of the ellipses. 

If a person who utters a sound stand in the centre s of a circle, 
fig, 38*2., the circumference of which is either wholly or partly 

composed of surfaces, such as a, &, c, 
dy c, which reflect sound, he will hear 
the echo of his own voice ; as in this 
case the sonorous undulation, which 
proceeds from the speaker encounter- 
ing the reflecting surfaces in a direc- 
tion perpendicular to them, will be 
reflected by them back to the speaker, 
as represented by the arrows, and will 
reach his ear after an interval cor- 
responding to that which sound re- 
quires to move over twice the radius 
of the circle. If the speaker in such a case be surrounded by sur- 
faces composing either wholly or partly two or more circles, of 
which he is the common centre, then he will hear a succession of 
echoes of his own voice, the interval between them corresponding 
to the time which sound would take to move over twice the differ- 
ence between the successive radii of the circles. 

If a speaker stand at s, fig, 383., midway between two parallel 
walls A and b, these walls may be considered as forming part of a 
citqIq of which he is the ceutte^ «ad they will reflect to his ear the 
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rounds of his own voice, producing an echo. In this case the posi- 
tion of the speaker s being equally distant from a and b, the sounds 



a| ^ '■ 3^^ |b 

Fig. 383. 

reflected from these surfaces will return to his ear simultaneously, 
and produce a single perception. But a part of the undulation 
reflected from b, not intercepted by the speaker at s, will arrive at 
A, and will be reflected from a and again arrive at s, where it will 
aflect the ear. 'J'he same may be said of the sounds reflected from 
A, which, proceeding to b, will be again reflected to s ; and as the 
distances moved over by the sounds thus twice reflected are equal, 
they will arrive simultaneously at s, and would then produce a 
second echo. This second echo, therefore, will proceed from the 
successive reflections of the sound by the two walls a and b, and 
the interval between it and the first echo will be the time which 
sound takes to move over twice the distance sa, or the whole 
distance between the two walls. 

Thus, if the two surfaces a and b were distant from each other 
1 1 20 feet, then the interval between the utterance of the sound ^ 
and the first echo would be one second, and the same interval 
would take place between the successive echoes. 

If the speaker, however, be placed at a point s. Jig. 3 84., which 
is not midway between the two walls A and b, the echo proceeding 

Fig. 384. 

from the first reflection by the wall a will be heard before the echo 
which proceeds from the reflection by the wall b, and in this case 
a single reflection from each wall will produce two echoes. 

If we suppose a second reflection from each wall to take place, 
two echoes will be again produced. So that with two reflections 
from each wall four echoes will be heard; and in general the 
number of echoes which will be heard will be double the number 
of reflections. 

701. It may be asked, why the number of reflections, in such 
case, should have any limit ? The answer is, that the reflected 
waves are always more feeble than the direct waves; and that 
consequently intensity, or loudness, is lost by each reflection, until 
at length the waves become so feeble as to be incapable of affect- 
ing the ear. A speaker can articulate so as to be distinctly 
audible at the average rate of four syllables per second. 1^ 
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therefore, the reflecting surface be at the distance of 1 1 20 feet, 
the echo of his own voice will be perceived by him at the end of 
two seconds afler each syllable is uttered; and since, in two 
seconds, he can utter eight syllables, it follows that he can hear, 
successively, the echo of these eight syllables ; if he continue to 
speak, the sounds he utters will be confused with those of the 
echo. 

The more distant the reflecting surfaces are, the greater will 
be the number of syllables which can be rendered audible by 
the ear. 

It is not necessary that the surface producing an echo should 
be either hard or polished. It is often observed at sea, that an 
echo proceeds from the surface of the clouds. The sails of a 
distant ship have been found also to return very distinct echoes. 

702. Remarkable cases of multiplied ecboes. — Numerous 
examples are recorded of multiplied repetitions of sound by echoes. 
An echo is produced near Verdun by the walls of two towers, 
which repeats twelve or thirteen times the same word. At Ader- 
nach, in Bohemia, there is an echo which repeats seven syllables 
three times distinctly. At Lurleyfels, on the Rhine, there is an 
echo which repeats seventeen times. The echo of the Capo di 
Bove, as well as that of the Metelli of Rome, was celebrated 
among the ancients. It is matter of tradition that the latter was 
capable of repeating the first line of the ^neid, which contains 
fifteen syllables, eight times distinctly. An echo in the Villa Si- 
monetta, near Milan, is said to repeat a loud sound thirty times 
audibly. An echo in a building at Pavia is said to have answered 
a question by repeating its last syllable thirty times. 

703. Whispering galleries are formed by smooth walls having 
a continuous curved form. The mouth of the speaker is pre- 
sented at one point of the wall, and the ear of the hearer at an- 
other and distant point. In this case the sound is successively 
reflected from one point of the wall to another until it reaches 
the ear. 

704. Speaking tubes, by which words spoken in one place are 
rendered audible at another distant place, depend on the same 
principle. The rays of sound proceeding from the mouth at one 
end of the tube, instead of diverging, and being scattered through 
the surrounding atmosphere, are confined within the tube, being 
successively reflected from its sides, as represented in^. 385.; 
so that a much greater number of rays of sound reach the ear at 
the remote end, than could have reached it if they had proceeded 
without reflection. 

Speaking tubes, constructed on this principle, are used in large 
buildings where numerous persons are employed, to save the time 
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which would be necessary in dispatching messages from one part 
of the building to another. A speaking tube is sometimes used on 
shipboard, being carried from the captain^s cabin to the topmast* 
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Fig. 385. 

A like effect is produced by the shafts of mines, walls, and chim- 
neys, as well as by pipes used to convey heated air or water. 

705. The speaking trumpet is another example of the practical 
application of this principle. A longitudinal section of this instru- 
ment is represented in 
fig, 386. The force 
of the trumpet is such, 
that the rays of sound 
which diverge from 
the mouth of the 
speaker are reflected 
parallel to the axis of 
the instrument. The 
trumpet being directed to any point, a collection of parallel rays 
of sound moves towards such point, and they reach the ear in much 
greater number than would the diverging rays which would pro- 
ceed from a speaker without such instrument. 

A speaking trumpet as used on board ship is represented in 

fis^ 387. 




Fig. j86. 




Fig. 387. 

706. A hearing trumpet, represented in fig, 388., is, in form 
and application, the reverse of the speaking trum- 
pet, but in principle the same. The rays of sound 
proceeding from a speaker more or less distant, 
enter the hearing trumpet nearly parallel; and the 
form of the inner surface of such instrument is such 
that, afler one or more reflections, they are made 
to converge upon the tympanum of the ear. 

Fig. 388. jf a sounding body be placed in the focus of a 
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pftraboU formed of anj material capable of reflecting floond, the 
rays which issue from it will, after reflection, proceed in a direction 
parallel to the axis of the parabola. This will be apparent from 
what has been explained in (626.); and if, on the other hand, 
rays parallel to the axb strike on such a surface, tiiey will be 
reflected converging towards the focus. Hence it appears that a 
parabola, in the focus of which the mouth of the speaker is placed, 
would be a good form for a speaking trumpet. 

If a watch be placed in the focus of a parabolic surface, such as 
a metallic speculum of that form, an ear placed in the direction 
of its axis will distinctly hear the ticking, though at a considerable 
distance; but if the parabolic reflector be removed, the ticking 
will be no longer heard. 



CHAP. VI. 

THE EAR. 

707. Tlieorj of tlie oivaii not nndervtood. — The form and 
structure of the eye is so evidently adapted to the physical pro- 
perties of light, and the purpose for which each of its parts is 
adapted can be so clearly demonstrated, that it might naturally 
be expected that a similar conformity could be shown to prevail 
between the form and structure of the ear, and the physical pro- 
t)erties of sound. With the exception, nevertheless, of one or two 
exterior arrangements in the organ of hearing, the peculiar and 
complicated form and structure of its internal parts have not hitherto 
been shown by any satisfactory or conclusive reasoning to have 
any relation to the principles of acoustics. In treating, therefore, 
of the ear considered merely as a branch of opiriied^pkjviiBB, little 
more remains than to describe its parts as anatomists hftve de- 
monstrated them, indicating the obvious relation which the ex- 
terior and more simple parts have to the laws of acoustics. 

708. Beacrlptioii of tlie ear, — The ear consists of three dis- 
tinct parts differing altogether each from the other in their form. 
They are denominated by anatomists the external ear, the middle 
ear, and the internal ear, being placed in that order, proceeding 
inwards from the external and visible part of the organ. 

709. Tbe external ear. — The part of the external ear which 
is visible outside the skull, behind the joint of the lower jaw 
iJig' 389.), is called the pinna or auricle, 

yio, Conoba. — The several parts of the auricle marked in the 
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figure bj the numbera 1, 2, J, Ac, are 
dUttnguished bj Bpeclfic namei in anatomjr. 
With the exception, however, of the ca-vity 
7, called the concha, none of tbese parts 
can be considered as having an j important 
acoustic properties. The depreuioD 2, 
called the fi«aa of the helix, and the sur- 
rounding cartilage i, called the helix, maj 
possibly have «ome slight effect in reflecting 
the rajs of sound towards the concha 7, 
and thence into the interior of the ear. 
If such, however, were the purpose, it 
I would be much more effectually answered 
^_^_^ by giving to this part of the orgafs form 
Fig. ;8^ more closely resembling that of the- wide 

end of B trumpet. As the external ear is 
actually constructed, the only part which perfectly uisiwersi this 
purpose is the concha. 

711, Mxt«nial iiMktaa. — Proceeding inwards fh>m the concha, 
the remainder of the external ear is a tube something more than 
an inch long, the diameter of which becomes rapidly smaller from 
the concha inwards ; its calibre, however, is least about the middle 
of its length, being slightly augmented between that point and its 
ci)nnection with the middle ear. Its section is everywhere ellip- 
tical, but in the external half the greater diameter of the ellipse 
is vertical, and in the internal, horizontal. This tube does not 
proceed straight onwards, but is twisted so that the distance from 
the concha to the point where it enters the middle ear is less than 
the total length of the tube- The external part of the tube is 
cartilaginous like the external ear, but its iutemal part is bony ; 
the bony surface, however, being lined by a prolongation of the 
skin of the auricle. 

711. Xembrane of tympaBBin. — The internal extremity of 
this tube ii inserted in an opening leading into the middle ear, 
which is inclined to the axis of the tube at no angle of about 4;°. 
Over this opening, which is slightly oval, an elastic membrane 
called the membrane of (ie tymptxman is tightly stretched like 
parchment on the head of a drum- 
In Jig. 390. the several parts of the ear are shown divested of 
the surrounding bony matter; and to render their arrangement 
more distinct, they are exhibited upon an enlarged scale. The 
concha, with the tube leading inwards from it marked a, terminates 
at the inner end, as already stated, in the tense membrane of the 
tympanum placed obliquely to the axis of the tube. The resem- 
blance of this tube witJi the concha to the speaking or hearing 
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«afiAr»tu niuliilatuKii to the membrane of tlie t 
will r'lhnlt! iymp*ib«tica][j with thera. 

713- TiM nilfl^'t Mu* u ■ OTitj iumnuided bj wallg of bone, 
which, bowercr, ut renuned in _^. 390 , to reoder vinbte ili 
iDt«mal Mructnre. An opening coiretponding to the membnne 
of tbe tympanum i> made m the eitemal wall, and the external 
part of the inner ear ibown in the 6gure U part of its inner wall. 
Tbe inner and outer wall* of thii caviij are Ter^ cloae together; 
bat the cavit/ measure*, verticalljr ai well a« borizontallr, about 
half an inch, lo that it maj be regarded u resembling tbe 
founding board of a mutical initrument, composed of two flat 
anrfaccn, placed close and nearl j parallel to each other, the fuper- 
ficial extent of which 11 considerable compared with Uieir distance 
antoder. 
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714. anstaohlan tube. — This cavity is kept constantly filled 
with air, which enters it through a tube b, called the eustachian 
tube, which opens into the pharynx, forming part of the respiratory 
passages behind the mouth. Without such a means of keeping 
the cavity supplied with air, having a pressure always equal to 
that of the atmosphere, one or other of two injuries must ensue: 
either the air in the cavity, having a temperature considerably 
above that of the external air, would acquire a proportionally in* 
creased pressure, which would either rupture the membrane of the 
tympanum, or give it undue tension ; but if this did not take 
place, the air confined in the cavity would be gradually absorbed 
by its walls, and would consequently be rarified, in which case the 
pressure of the external atmosphere, being greater than that of 
the air in the cavity, would force the membrane of the tympanum 
inward, and would ultimately rupture it. By means of the eusta- 
chian tube, however, a permanent equilibrium is maintained be- 
tween the air in the cavity and the external air, just as is the case 
in a drum, or in the sounding board of a musical instrument, 
where apertures are always provided to form a free communication 
with the external air. 

The middle ear is sometimes called the tympanum or drum, 
but sometimes these terms are applied to what we have above 
called the membrane of the tympanum, and in that case the cavity 
included between the walls of the middle ear is called the tym- 
panic cavity. 

715. renestrae oralis and rotunda. — In the inner wall of 
this cavity there are two principal foramina, a greater and a 
lesser ; the former being called, from its oval shape, the fenestra 
ovalis, and the latter the fenestra rotunda ; the former is shown at 
f, injig. 390., and the latter at o. Over both of these elastic 
membranes are tightly stretched, as the membrane of the tym- 
panum is over the inner end of the external meatus. 

716. Auricular bones. — Between the membrane of the tym* 
panum and the membrane of the fenestra ovalis there is a chain, 
consisting of three small bones articulated together, and moved 
by muscles having their origin in the bones which form the walls 
of the cavity. These three bones are shown in Jig, 390., at d, e^ 
andy. The first d is called, from its form, the maUeus, or hammer ; 
the end of its handle is attached to the membrane of the tympanum 
near its centre ; its head, which is round, is inserted in a corre- 
sponding cavity of the second bone e, called the incus, or anvil ; 
and the smaller end projecting from this, articulated with the 
third bone/, called the stapes, or stirrup, from the obvious ana- 
logy of its form. The base of this stirrup corresponds in magni- 
tude and form with the fenestra ovalis, in which it b inserted, 
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keeping, as it would appear, the membrane which covers that 
aperture in a certain state of tension upon it. The handle of 
the malleus being firmly attached to the centre of the membrane 
of the tympanum, draws that membrane inwards, so as to render 
it more or less convex, or rather conical, towards the tympanic 
cavity. 

The muscles which act upon these small bones are supposed to 
have the property of giving greater or less tension to the two 
membranes which they connect, so as to render them more or less 
sensitive to the sonorous undulations propagated through the 
external ear. When the sounds are loud the muscles render the 
membranes less sensitive, and when they are low they render them 
more so. According to this supposition, when we listen attentively 
to low sounds, we not only concentrate the attention of the mind 
upon them, but we also act upon the nerves which govern the 
muscles inserted in the chain of auricular bones, and thereby in- 
crease the sensitiveness of the organ. 

It must be observed, however, that this is a mere h3rpothesis, no 
such action of these bones and muscles having been established as 
a matter of fact. 

717. The use of the auricular bones is supposed to be the trans- 
mission of the pulsations imparted by the sonorous undulations 
from the membrane of the tympanum to the membrane of tiie 
fenestra ovalis. It has been ascertained, however, that if tiie 
membrane of the tympanum were altogether destroyed, the sense 
of hearing would still remain, though it would not be so perfect. 
It must therefore be inferred that the auricular bones are not the 
only means of transmitting the sonorous undulations to the in- 
ternal ear, the air contained in the middle ear being itself sufficient 
for that purpose. 

It cannot be doubted that the membrane which covers the 
fenestra rotunda has some share in producing the sensation of 
sound ; and if so, the chain of bones can have no effect upon it, 
the undulations being merely propagated to it by the air contained 
in the middle ear. 

718. Tbe internal ear. — We now come to consider the in- 
ternal ear, which is, in fact, the true and only organ of the sense 
of audition, the external and middle ears being merely accessories 
by which the sonorous undulations are propagated t.o the fluids 
included in the cavities of the internal ear. 

The internal ear is a most curious and, as it must be acknow- 
ledged, a most unintelligible organ, also called, from its compli- 
cated structure, the labyrinth. Its channels and cavities are 
curved and excavated in the hardest mass of bone found in the 
whole body, called the petrous or bony part of the skull. It is 
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shown in /^. 390., as if all the surrounding mass of bone except 
that which forms the immediate surfaces of the cavities were cut 
away. 

719. Vestibnle* — It will be seen that this labyrinth consists 
of three distinct parts : a middle chamber, called the vestibtde^ in 
the exterior wall of which the fenestra ovalis/is formed, and into 
the internal wall of which the auditory nerve n is admitted. 

720. Semloirciilar oanals. — At the posterior and upper part 
of the vestibule are three curved tubular cavities, called the 
semicircular canals, and distinguished by anatomists as the an* 
terior, posterior, and superior semicircular ccmalsy according to 
their relative positions. 

721. Cooblea. — On the interior and atiterior side of the vesti- 
bule, near the fenestra rotunda, is a cavity formed like a spiral 
tube, called, from its resemblance to the cavity within the shell of 
a snail, the cochlea, the Latin word for that animal. The semi- 
circular canals, and the cochlea, have severally free communication 
with the vestibule. 

722. Tbe audltovv' nerve. — The auditory nerve arrives at the 
bony wall of the internal ear, through a passage called by ana- 
tomists the internal auditory meatus. Before entering the fora- 
mina provided for its admission into the internal ear, it separates 
into two principal branches, one of which is directed to the vesti* 
bule and the other to the cochlea, which are thence called, 
respectively, the vestibular and cochlear nerves* 

723. Tbe membranoiui oanals. — Within the three semicir- 
cular canals are included flexible membranous pipes of the same 
form, called the membranous canals. These pipes include within 
them the branches of the auditory nerve, which pass through the 
semicircular canals, and they are • distended by a specific liquid 
called eiidolymph in which the nervous fibres are bathed. The 
bony canals around these membranous canals are filled with another 
liquid called perilymph, which also fills the cavities of the vestibule 
and the cochlea. It appears, therefore, that all the cavities of the 
internal ear are filled with liquid, and it must, accordingly, be by 
this liquid that the sonorous undulations are propagated to the 
fibres of the auditory nerves. The liquid being incompressible, 
the pulsations imparted either by the auricular chain of bones, or 
by the air included in the cavity of the middle ear, or by both of 
these, to the membranes which cover the fenestra ovalis and the 
fenestra rotunda, are received by the liquid perilymph within 
these membranes, and propagated by it and the endolymph to the 
various fibres of the auditory nerve. 

Tliis arrangement will be rendered more clearly intelligible by 
reference to Jig. 39 1 ., which is a perspective magnified view of the 




724- "*• lantBa mftrmltM. — Tite tjanl tube of which the 
cochlea it formed makefZ} rerolution* roand itt geometrical txit, 
u»l it i> everywhere diviiled thnmgh lU cratre bj > thin pUu 
called the liimiaa tpiralU, upon llie lor&ce of which the fibres of 
the cichleir nerve are Mpnad. The internal Btmcture of the 
Mthlea will be rendered more intelligible bj reference Xojig. 391-. 
where 1 represenu the central bone round which the spiral winds, 
and z the lamiaa spiralis, which follows the course of the spnal 

A section uf the cochlea made b; a plane passing through iti 
aain, showing the course and distribution of the nerrous fibres, il 
given in Jig. 393., where I b the principal auditory nerve, 2 the 
nerves in the lamina spiralis, 3 the cenfal nerve of the cochlea, 
and 4 the veMibular nerve. 

Til render stili more apparent the distribution of the cochlear 
branch of the nerve upon the iamina spiralia, a perspective view 
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of this lamina with the uervouB fibre* spread upon it, divested of 
the Burrounding port of the cochlea, is given in j%'. 394'* 





idcnt, fur example, tbut all cars formed like those of 
better adapted for the collui:tion of the ei 
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the horse ai 
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• This figure is reprodnced hy perraiasion of the inthor and publisher 
from tha orlKinal, mAde (torn ■ prepsration by Pntauot Slippy, of Faris, 
and published in hla DMcrlptIre ADstoiny. 
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725. Theory of tHe tympanmn.— >The physical theory of 
the tympanum, though much better understood than that of the 
internal parts of the organ, is still but imperfectly comprehended 
It is evident that one at least of its purposes is to propagate the 
sonorous undulations of the external air to the membranes of the 
internal ear ; and it is probable that it may also have some effect, 
not yet fully understood, in modifying the force of the vibrations. 

It has been demonstrated by Savart that a membrane tightly 
extended over an opening, as parchment is on a tambourine or 
drum head, will be thrown into vibration by a sound produced 
near it. If fine sand be sprinkled upon a drum head, it will be 
agitated and thrown into various forms by a sound produced near 
it, the particles jumping upwards as if Ihey were repelled by the 
parchment. But no such effect will be produced if a piece of 
card or board be laid upon the same opening, unless a sound of 
extreme loudness be produced. 

It will also be found that the susceptibility of such a membrane 
to enter into vibration will vary according to its tension. It may, 
therefore, be inferred that the membrane of the tympanum will 
be thrown into vibrations by the sonorous pulsations of the ex- 
ternal air. These vibrations will be imparted more or less to ail 
objects with which the tympanum is connected, and so much the 
more so as these objects are more vibratory, and as the tympanum 
itself is rendered more vibratory by its tension. Thus all the 
masses of bone surrounding the middle ear, the labyrinth, and the 
auditory nerve, will be thrown into vibration. 

It is evident also that the membranes extended over the 
fenestrse of the labyrinth, will be thrown into vibration by the 
pulsations of the air included in the middle ear. 

However useful the membrane of the tympanum and the auri- 
cular bones, which are connected with the fenestra ovalis, may be, 
they are not indispensable to the exercise of the sense of hearing. 
When the membrane of the tympanum has been ruptured, the 
air included in the middle ear communicating freely with the 
external ear, the pulsations of the external air are propagated to 
the membranes of the labyrinth, without other modification than 
such as they may receive from the concha and the auditory 
canal. 

But even if the auditory canal were closed, the pulsations of 
the external air would be propagated with more or less effect to 
the air in the middle ear, through the pharynx and the eustachian 
tube. 

726. But of all parts of the organs of sense, that which has 
most completely resisted all attempts at explanation upon physical 
principles is the structure of the labyrinth. Why its complicated 
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cavities should have the pecnliar form and disposition given to 

them has not been explained. 
727. Oivan of hearlnr In bird*.— Although the sense of 

hearing may exist in the absence of some of these parts, its effi- 
ciency will be impaired ; and we find accord- 
ingly, as we descend in the scale of organisation, 
that these parts disappear one by one in animals 
which are less and less elevated in the series. 
With birds, for example, the auricle is alto- 
gether wanting, and the external ear is reduced 
to the auditory meatus. The cochlea also loses 
its spiral form, and the tapering tube is straight 
instead of being coiled round a cone, and is 
proportionally shorter than with superior ani- 
mals, as will appear by the outline of the bony 
*' ^'^* labyrinth of the bam owl shown in fig. 395., 

where 2 is the vestibule, and 3 the cochlea divested of the spiral 

form. 

728. Septlles. — In reptiles generally the external auditory 
meatus is wanting, and the ear commences with the membrane of 
the tympanum, which is its exterior part. The structure of the 
tympanic cavity is also simplified. 

729. rubes. — In most species of fishes both the external and 
middle ears are wanting, and the organ is reduced to the labyrinth, 
which consists of a membranous vestibule surmounted by three 
semicircular canals, having below it a little sack, which appears to 
supply the place of the cochlea. The auricular apparatus is placed 
m the lateral part of the great cavity of the skuU. 

730. ibower species. — ^In descending still lower in the scale of 
organisation, all traces of the semicircular canals and the cochlea 
are effaced, and the organ is reduced to a membranous vestibule, 
consisting of a little sack filled with a liquid, in which the last 
fibres of the acoustic nerve are diffused. Such a vestibule seems 
to be an essential element of the ear, never being absent so long 
as that organ has any existence. 

73 1. Cooblear branob tbe tme a^iditory nerve* — The ex- 
perimental researches of M. Flourens have led to the conclusion that 
the cochlear branch of the nerve is the only part which is abso- 
lutely essential to the sense of hearing ; the parts which traverse 
the semicircular canals, and are diffused through the vestibule, 
being merely accessory. That eminent physiologist showed, by 
a numerous course of experiments on mammifers and birds, that 
the removal of the vestibi^ar nerves, and those of the membranous 
canals, never destroyed the sense of hearing; but that, on the 
other hand, the removal of the cochlear branch invariably pro- 
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duced absolute deafiiess, even though the vestibular and other 
branches of the nerve remained unimpaired. 

It was inferred from these remarkable experiments that the 
nervous cord, which passes into the internal ear from the internal 
meatus, is not a single nerve, but consists of two, one of which 
only, being that which passes into the cochlea, is the true auditory 
nerve, and that the other branches have functions connected with 
the movements of the body, which are detailed at considerable 
length in M. Flourens*s experiments.'* 

* ** Recherches Exp^rimentales snr le Propri^tes et les Fonnations da 
Syst^me Nerveox dans les Animawx Vert^i^'' i>ar li. P. floareiu, ch. 
xxvlL xxviii. xxix. Paris 1S42. ^ 
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Aerial undulations, 634. 

Aerial waves, force and velocity of, 636 ; 
interference of, 637. 

Agonic lines, 561. 

Ampdre's apparatus for exhibiting the 
effects of toe earth's magnetism on ver- 
tical currents, 316 ; astatic currents 
formed by this apparatus. 319; shows 
the effect of terrestrial magnetism on a 
helical current, 3zz ; illustrates the dip 
of a current, 3x3 ; apparatus for support- 
ing movable currents, 129. 

Ampere's method of exhibiting the revo. 
lution of a current round a magnet, 247 ; 
reotrope for reversing the voltaic cur- 
rent, 225. . 

Animal electricity, theory of, exploded, 
156. 

Arago, researches of, 304. 

Armstrong's hydro-electrical machine, 44. 

Astatic needle, 597. 

Atmosphere, a nonconductor, i8« 

Atmospheric agitation, effect of, on sound, 
651. 

August (Professor), his apparatus for ob- 
serving the vibration ofstrings, 612. 

Aurora borealis, influence of, 57^. 

Auroral light, experimental imitations of, 
130. 

Azimuth compass, 546, 547. 



B. 

Babbage, researches of, 304. 

Bagration's battery, 184. 

Bar magnets, best forms for, 581. 

Barlow's compensator, 606. 

Becquerel, his battery, 185 ; his researches, 

408; repeats and confirms Davy's ex- 

periments, 421 ; his observations, with 

those of Breschet's, 503. 
Blot's experiments on the elasticity of 

air, 658. 
Boreal and austral fluids, hypothesis of, 

520. 
Bunsen's battery, 178; Its modification 

by Schoenbein, 186. 



C. 

Cavendish, his electric barometer, 13$. 

Charcoal, method of applying its heat to 
the fusion of refractory bodies, and the 
decomposition of the alkalies, 488. 

Children's great plate battery. 204. 

Chladni, his experiments on electricity of 
air, 659. 

Clarke's magneto-electric machines, 297. 

Classiflcation of bodies according to their 
electro-motive property, 159; of positive 
and negative suostances, 10. 

Collecting and condensing plates, 5$. 

Common electricity, inductive action of, 
produces polarity. 277. 

Compasses, ships', compensators for, 605. 

Conaensers, 51. 54. 56. 

Condensing electroscope, 64. 

Conducting power variously aflbcted by 
temperature, 24. 

Conductors, electric, imperfect ones rup- 
tured bv strong electric discharges, loi ; 
discontinuous ones produce luminous 
effects, 127. 136: non-insulated effects 
produced by touching an electrified body 
with one, 25 ; no certain test for distin- 
guishing conductors from nonconduc- 
tors, 23. 

Contact hypothesis of Volta, i^. 

Contact-breaker, use of, 294. 

Cords and membranes, yibrationi of, 
611. 

Coulomb's electroscope, 61 ; his investi- 
gation of electric forces, 77. 

Crosse's researches, results 0(1406. 

Cruikshank's arrangement ol^ the voltaic 
pile, 195. 

CurrenU, circular, 25J. 331 ; curvilinear, 
343 ; finite, 332 ; helical, ^26 ; indefi- 
nite, u% ; molecular, 349 ; tnermo-elec- 
tric, 309. 

Cuthbertson's condenser, 56 ; discharging 
electrometer, 71. 

Cylindrical combination with one fluid, 
175 ; with two fluids, 176. 

D. 

DanlePs constant battery, 179. 
Davy's experiments repeated and con- 
firmed by Becquerel, 423, 
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avy*8 experlmentf, showing the transfer 

Dof the constituents of electrolytes through 
intermediate solutions, 415 ; his method 
of preserving the copper sheathing of 
ships, 434 ; his voltaic pile, 20A. 

Decomposition and conduction closely re- 
lated, 420. 

Delarive's floating apparatus for showing 
the eflTect of the earth's magnetism on 
circular or spiral currents, 318. 

Deluc's pile, zio. 

Diagram showing the direction of the 
force impressed by a rectilinear current 
on a magnetic pole, 236. 

Diamagnetic properties of liquids exhi- 
bited. 366. 

Diamagnetic phenomena, 361. 

Dinmagnetism, of flame, 367 ; of solids, 
362 ; varies with the sui rounding me. 
iura, 364. 

D pping needle, the, 548. 

Di scharging rods, 47. 

D ry piles, 109. 

Du chenne's electro.voltaic apparatus, 491 ; 
m agneto-electric apparatus, 492. 



E. 

Ear, the, its theory not understood, 707 ; de- 
scription of, 7o8; external, 709; concha, 
710; external meatus, 711 ; membrane 
of tympanum, 712 ; middle ear, 713 ; 
eustachian tube,. 714; fenestras ovafis 
and rotunda, 71 « ; auricular bones, 716 ; 
internal ear, 718 ; vestibule, 719 ; semi- 
circular canals, 720 ; cochlea, 722 ; au. 
ditory nerve, 72A; membranous canals, 
723 ; lamina spiralis, 724 : limit of the 
ear's musical sensibility, 666/674. 

Earth, the, analogy of to a magnet, 545; 
analysis of the magnetic phenomena of, 
549 ; direction of its magnetic attraction, 
305 ; effect of its magnetism on a vertical 
current which turns round on a vertical 
axis, 312-314; inductive force of the 
earth, 600 ; why it is called the com- 
mon reservoir, 27, 

Echoes, 699-702. 

Elastic plate, 615 ; strings, 613-614. 

Elasticity of air, efl'ects of, 657. 
ectric aigrette, 125 ; barometer. Caven- 
dish 8, 135. 

Electric battery, 145. 

Electric discharges, their effects, 14^152. 
lectric fluid. 2 ; not luminous, 122 ; po- 
•Itive and negative experiments indi- 
cating the specific differences between 
them, 133; Us distribution on conductors. 
80-85. 

Electric forces investigated by Coulomb, 

Electric lamps of Messrs. Foucault, Dc- 
leuil,and Dubosc-Soleil,487. 

Electric light, 485 ; attempt to explain it, 
—thermal hypothesis, 137; hypothesis 
or decomposition and recomposition, 
138 ; above the barometric column, itit : 
stratification of, 300. ^*' 

Electric mortars, 120. 

Electric pi«tol, 116. 



Electric shock explained, 140; secondarv 
lf%?a"jl?f' **^"°^*^°8 «^^ wguCiZg 



Electric spark, 124 ; cracking noiie it> 
tending it, 139-143. 

Electric telegraphs, common principle of 
all, 466 ; conducting wires, 467 ; metbodi 
for preserving and insulating them, 469; 
testing posts, 470; telegraphic signi, 
471 ; signs made with the needle system, 
472 ; telegraphs operating by an electro- 
magnet, ii73 ; Morse's system, 474; eleo- 
tro-chemlcal telegraphs, 475. 

Electrical bells, 104 ; blow pipe, 92 ; fiihei, 
501 ; machines and their different parti, 
37-30; orrery, 91 ; see saw, iia 

Electrical machines, common cyihidriesl, 
40 : Naime's, 41 ; common plate, known 
as Van Marum's, 42 ; Ramsden's plats, 
43 ; Armstrong's hydro-electrical, 44. 

Electricity, etymology of the word, i ; po- 
sitive and negative, 3-7 : developed by 
various bodies when suomitted to fHc- 
tion, 9 ; method of producing it by glsM 
and silk with amalgam, 11 ; passes by 
preference on the best conductors, «8; 
action of, at a distance, 29; dissimu- 
lated or latent, 52 ; fk'ee, 53 } mechani- 
cal eflRects of, 93; current of, passing 
over a conductor raises its temperature^ 
III; effect of, on fulminating silver, 115 ; 
velocity of, 230; its therapeutic agency, 
490. 

Electrified body, its action on a noncon- 
ductor not electrified, 94 ; its action on 
a nonconductor charged with like elec- 
tricity, 95 ; on a nonconductor charged 
with opposite electricity, 96 ; on a con- 
ductor not electrified, 97 ; on a conduc- 
tor charged with like electricity, 98; 
upon a conductor charged with opposite 
electricity, 99. 

Electro-chemical theory, phenomena 
which supply its basis, 150; hypothesis. 

Electro-chemical telegraphs, 475. 

Electrodes, 227; positive and negative, 
387; negative secondary action of hy- 
drogen at, 396; of zinc and platinum. In 
water, 398 ; proved to exercise different 
electrolytic powers by Pouillet, 424 ; ne- 
gative, cases in which it alone acts, 42$ ; 
cases in which thev act unequally, 426; 
liquid, 427 ; negative, anv body may be 
used for, 445 ; soluble positive use of, 446. 

Electrolysis, compounds susceptible of, 
400; liquids alone susceptible of, 385; 
method of, which separates the consu- 
tuents of water, 392. 

Electrolytes, series of, in immediate con- 
tact, 427 ; which have compound con- 
stituents, 40$. 

Electrolytic classification of simple bodies, 
401. 

Electro-magnets, formation of powerful, 
281 ; concUtions which determine thdr 
force, 282 ; of the Faculty of Sciences at 
Paris, 283 ; their form in general, 284. 

Electro-magnetic power applied as a son(v 
meter, 288 ; as a mechanical agent ia 
M. Froment'a workshop, 286. 

Electro-magnetism, 232. 

Electrometer, Lane^ discharging^ 70; 
Cuthbertson's discharging, 71 } Harris's 
circular, 72. 

Electro-metallurgic apparatus, Spenser's, 
462*; Fan's, 463 ; Brandely's, 464. 

'C\«GXTQr>metaIlurgy, origin of, 443. 
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Electro-motive action of two liquidi be* 
tween two lolids, i67-i7a 

Electro-motive oombiuation/Volta*i, 171 j 
WoUaston'*, 1721 ; Hare's, 173. 

Electro-motive effect of a liquid inter- 
posed between two lolid conductori, 
166. 

Electro-motive force, its direction and 
intensity, 158 ; its relation to suscepti- 
bility of oxidation, 160 ; its analogy to 
induction, 161 ; of gases and liquids, 
i6x ; differences of opinion as to its ori- 
gin. 163. 

Electro-negative bodies, 401. 

Electrophorus, 57. 

Electro-positive bodies, 403. 

Electroscoues, 58; pith ball, 59; needle, 
60 ; Coulomb's, 61 ; gold leaf, 03. 

Electro-voltaic apparatus, 4^1. 

Equatorial and polar intensities, 573. 

Ettier and alcouol ignited by electricity, 
117. 



F. 

Faraday, his electrical apparatus, 83. 
151 ; his researches, 304. 356; his| elec- 
tro-chemical nomenclature, 386; his 
voltameter, 411-414. 4xo-4ZX. 

Fishes, electric organ of, 505. 

Fluids, vibrations of, 690. 

Froment, M., electro-motive machines 
constructed by him, Z87. 



O. 



Galvanic chain, 493. 

Galvani's theory corrected by Volta, 155* 
Galvanism, discovery of, 154. 
Galvanometer or multiplier, way of con- 
structing, 3$z. 
Glyphography, 458. 
Gold leaf electroscope, 63. 
Grotthus's hypothesis, 419; solution of, 

394- 
Grove's battery, 177. 

Gunpowder exploded by electricity, 119. 

Gymnotuselectricus— manner of capturing 

them~their electric organs, 508. 



H. 



Hare's electro-motive combination, 173. 

Hare's and Children's deflagrators, ^77. 

Harmony, physical cause of, 66$ ; in the 
harp and violin, 666; experimental veri- 
fication of the same by Sauveur, 667. 

Harris's circular electrometer, 7Z. 

Hearing trumpet, 706. 

Heat, effects of, on magnetism, $37. 

Heat, opposed to induction, $40. 

Heat, influence upon magnetism, 596. 

Helical currents, magnetic properties of, 
267; their poles determined, x68; ex- 
perimental illustrutions of the same, 
269*; adaptation of, to Ampdre's and 
Delarive's apparatus, 271 ; its action 
on a magnetic needle, vjx ; magnetic 
induction of, 274 ; polarity produced by 
it, 275. 

Helical pile of the Faculty of Sciences at 
Paris, 198. 



HdicM, right and left-handed, 266. 
Herschel's researches, 304. 
Hotse-shoe magnets, 582. 
Hydrogen, its action on bodies dissolved 

in the bath, 397. 
Hypothesis or a single fluid, 4 ; of two, $. 



I. 



Induction, 30 ; its effects, 3j. 

Inductive action, sudden effects of, 35. 

Inductive effects of the successive convo- 
lutions of the same helix, 303. 

Inductive shock of the human body, 3$. 

Insulating stools, 15. 46. 

Insulators, 14. 22. 

Iron, method of rendering it passive, 432 ; 
its coercive force varies with its mule- 
cular structure, 533 ; its magnetism de- 
stroyed by red heat, 538 ; effect of in- 
duction on, 534; compounds of, dif- 
ferently susceptible of magnetism, 542. 

Isodynamic lines, m \ their near coin- 
cidence with isothermal lines, 572. 

Isogenic lines, $63. 



J. 



Jacobi's experiments on conduction by 
water, 482. 

K. 

Kinnersley's thermometer, 121. 



L. 

Lane's discharging electrometer, 70. 

Light, conditions under which it is deve- 
loped by an electric current, 123. 

Leichtenberg's figures, 132. 

Leyden Jar, 65-67 ; improved form of, 69. 

Liquid conductors, effect of imperfect 
ones, 190. 

Liquids, undulation of— circular waves, 
619. 

Loudness, 644; dependent on distance, 
66o* 

M. 

Magnets, action of a current on them, 
both poles being free, 240 ; way of mail- 
ing them turn on their own axes, 248 ; 
natural, 509; artificial, 510 } arrange 
themselves mutually parallel with poles 
reversed, 519 ; with poles reversed neu* 
tralise each other, 529; one broken at 
its equator produces two magnets, 530 ; 
compound, 536; artificial methods of 
producing them, 580-585; compound, 

59)' 
Magnetic attraction, direction of the earth's, 

305. 
Magnetic attraction and repulsion, law of, 

598. 
Magnetic bars, method of preserving them» 

591. 
Magnetic bodies, different ones lose their 

magnetism at different temperatures, 

539. 
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